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Design Determines Production 


BE IT AN ASHTRAY OR BATTLESHIP, the design of a product 
establishes definite limitations on the speed and economics 


of its production. The engineer at the design board deter- 
mines not only dimensions and arrangements of parts and 


assemblies, but of greater importance, he makes manda- 
tory the production methods, machinery and manpower 
needed to manufacture the product. Thereby he fixes, 
within limits, the cost and speed of its production. 


Thus it is that today, with production machinery at a 
premium, with a shortage of skilled workers and a threat- 
ened scarcity of certain materials, the design engineer 
holds the key position in our production program. He 
creates both the designs of the things to be manufactured 
and the designs of the machinery to produce them, and 


dictates the materials to be used, type of production 
machinery required and the degree of skill needed in the 
manufacturing operations. 


By ingenuity and the expenditure of much sweat, the 
designer is often able to increase appreciably the produc- 
tion speed, or to simplify the tooling required. By specify- 
ing larger dimensional tolerances he may eliminate cer- 
tain finishing operations or perhaps make possible a less 
accurate but much faster production method. 


By taking advantage of new developments in produc- 
tion technique, he might greatly reduce the amount of 
production equipment required or increase the production 
speed. The final decision as to whether the part shall be 
a casting, forging, stamping or molded piece will fix not 


only the cost and serviceability of the part, but will also 
determine the production machinery and skill required 


for its making. 


It is becoming increasingly apparent that before many 


months have passed the dominating factor in the manu- 
facturing industries will not be the dollar and cents cost 


of products, but the speed with which they can be pro- 
duced with the materials, machinery and skill available. 


Cost is always a factor, but if the design calls for material 


that is unobtainable, machinery that is not on hand and 
cannot be bought, and skill that has not been trained, the 
design will be worthless. 


Now as never before, prejudice and tradition must be 


thrown to the winds by the engineers and executives 


responsible for the design of machinery and other prod- 
ucts. Thorough studies must be made to the end that 
the design will permit the part to be made with maximum 
speed with the production facilities and materials most 


readily usable and available. 


Admittedly, engineering departments must be staffed 
with enough of the right kind of men. The executive 
engineers should have enough time that they can devote 
to investigating new design possibilities, to finding out 
about new design developments, to studying the technical 
literature and to making personal contacts with others 
in their profession. Such a program, applied system- 
atically will be reflected in speedier production and earlier 
deliveries through design simplification. 








es 
gh 


А / 


Johns-Manville Corporation 


Weaving thick asbestos lining on a giant loom, after which the lining is impregnated and molded to size by heat and pressure 


FRICTION MATERIALS -I 
Linings and Blocks for Brakes and Clutches 


UNDAMENTALLY any type of 

band, shoe, disk brake, or clutch 

is designed with the objective of 
retarding rotation in order to decrease 
or to stop the relative motion between 
brake or clutch members, by convert- 
ing the kinetic energy of the moving 
system to heat energy. 

A major consideration in the solu- 
tion of braking or clutching problems 
is concerned with the variation of the 
coefficient of friction of the friction 
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material during deceleration or accel- 
eration. Factors which must be con- 
sidered in determining the operating 
characteristics and capacity of a brake 
or clutch are the effects on friction 
caused by temperature rise, 
maximum operating pressure, moisture, 
rubbing speed, wear, condition of 
brake drum surface, and length of time 
between operations. 

No single friction material can meet 
the widely different conditions of brake 


temperatures, loads, drum materials 
and finishes, deceleration rates, and fre- 
quencies of application encountered in 
the various services. In the industrial 
field some services require flexible lin- 
ing, others require dense rigid blocks. 

The quantity of heat generated at 
the contacting surfaces of the brake 
lining and the drum for any given 
braking operation has a definite value 
dependent upon the difference in the 
kinetic energy in the moving system 
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before and after deceleration, regard- 
less of the time taken to stop or decel- 
erate the moving load. The brake 
factors on which converting the kinetic 
energy into heat energy depend are the 
coefficient of friction between the lining 
or block and the drum, the total nor- 
mal contact pressure, and the rubbing 
speed, 

Friction linings are good heat insu- 
lators, metal drums are good conduct- 
ors and therefore readily absorb the 
heat produced by the frictional forces 


with an accompanying rise in tem- 
perature. Naturally the maximum tem- 


perature developed in the drum will 
depend upon the frequency of opera- 
tion, the mass and type of material of 
which it is made, the exposed area of 
the drum and its ability to radiate 
heat. 

The high resistance to heat possessed 
by friction materials made with an as- 
bestos base, as compared with similar 
properties of wood, paper, fiber and 
leather, are the chief reasons for the 
preference shown asbestos friction ma- 
terials in the automotive, industrial 
and construction machinery fields. The 
typical values of operating factors 
shown in Table I are for asbestos com- 
position linings and blocks. 


Effect of Temperature 


Coefficients of friction for asbestos 
composition materials at temperatures 
above 500 deg. F. become erratic, ris- 
ing to high values or dropping to low 
values with consequent lack of control 
of the rate of deceleration. Therefore. 
for satisfactory operation brake drums 
must have the ability to dissipate heat 
rapidly enough to prevent the tem- 
perature of the drum from becoming 
excessive. The temperatures at which 
variation in the friction value occurs 
are those at which the binder in the 
friction material undergoes a physical 
change of state, and varies greatly with 
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Fig. 1—Tests on various linings indicating how increasing temperature may affect 
frictional value under conditions of constant speed and pressure 


different types of brake lining depend- 
ing upon the heat resisting qualities of 
the binder or fillers after curing. The 
curves shown in Fig. 1 were estab- 
lished by dynamometer tests with 
various linings and indicate how with 
speed and pressure constant ап in- 
crease of temperature may affect the 
coefficient of friction. 

Although the binding materials are 
heat-treated in manufacture, the tem- 
perature on the surface of the friction 
material in service is often higher than 
that employed in manufacturing, with 
the result that the impregnant or binder 
may soften or even approach liquifica- 
tion thus reducing the coefficient of 
friction to low values and then to in- 
crease it as the binding materials are 
driven off developing a possibility of 
running on dry asbestos with a friction 
value of approximately 0.8. If a car- 
bonaceous condition develops, the fric- 
tion value may be higher or lower 
than normal, depending upon the char- 
acter of the surface formed. 

For satisfactory operation and long 


life of lining, brake drum tempera- 
tures should never exceed 400 deg. F. 
for rubber bonded friction materials, 
nor 600 deg. F. for resinous materials. 
With the latter the higher temperature 
is permissible since the majority of the 
synthetic resins used in the manufac- 
ture of friction materials are thermo- 
setting and are rendered infusible by 
the curing temperature. 

High temperatures also break down 
the mechanical strength of asbestos 
fibers and destroy their structure. As- 
bestos occurs in nature in many differ- 
ent forms and chemical compositions. 
The form used in the manufacture of 
friction materials is a magnesium sili- 
cate containing about 14 per cent 
water of crystallization. At tempera- 
tures at or above 700 deg. F. some of 
the water of crystallization is driven 
off, accompanied by a decided loss in 
strength cf the fiber, in addition there 
may be a loss of organic impregnant 
through destructive distillation. At 
temperatures of about 1,000 deg. F. 
the magnesium silicate is rapidly dehy- 


Table I — Performance Characteristics of Asbestos Linings and Blocks 


These data cover only the best types of materials when used in dry service conditions. 
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COEFFICIENT | PRESSURE | RESISTANCE RATE 
oF RUNNING SPEED OF |— LB. PER TO OF 
FRICTION | FT. PER MIN. SHORT SQ. IN. SHOCK WEAR 
| МАХ. PERIODS CONSTANT 
0.30 — 0.40 3,000 500 250 100 | Excellent Excellent 
| і 
0.35 — 0.45 5,000 500 250 50 | Fair | Fair 
0.35 — 0.50 1,500 150 500 100 | Good | Good 
| | 
0.30 — 0.40 5,000 150 500 | 100 | Good | Good 
| 
0.30 — 0.40 5,000 1,000 750 | 150 | Excellent Good 








drated, resulting in a_chalk-like sub... =5 


stance without meclíanical 'strength. 
Therefore, it can be readily understood 
why it is necessary to keep drum tem- 
peratures below 700 deg. F. in order 
to assure satisfactory operation. 

Increasing the normal braking pres- 
sure will, of course, increase the decel- 
erating force applied to the drum, how- 
ever, this is accompa ied with slight 
tendencies either to build up or to de- 
crease the coefficient of friction in most 
materials. Hence for any application 
the increase in decelerating force is 
generally in direct proportion to the 
increase in applied pressure. The 
curve in Fig. 2 was established from 
dynamometer tests on samples of lin- 
ings at constant speed and temperature, 
and indicates how an increase in unit 
contact pressure may influence the co- 
efficient of friction. Examples of the 
effect of increasing normal braking 
pressure on deceleration rate are shown 
in Fig. 3 for various coefficients of 
friction. Dry, unlubricated friction is 
independent of the area in contact for 
constant conditions of velocity, tem- 
perature and surfaces. Increased area, 
however, is obviously highly beneficial 
in reducing wear. 

At low speeds of a few feet per hr. 
most friction materials have a coefh- 
cient of friction which is less than their 
values at high operating speeds. When 
the rate of sliding approaches zero just 
before stopping, it is thought that the 
coefficient of friction rises sharply pos- 
sibly because of a fade at higher speed 
and an antifade on cooling of the con- 
tact surfaces. A drop in frictional re- 
sistance as the velocity approaches zero 
is desirable. If the low speed fric- 
tional resistance is considerably below 
the normal friction value, however, the 
holding ability of the brake may be- 
come uncertain. Since if for any rea- 
son a slight movement or vibration of 
the drum were induced in a standing 
or suspended load, the frictional grip 
of the brake would immediately drop 
and the load might start and continue 
to creep indefinitely. 

Some tests have shown that with 
increases of rubbing speeds up to about 
500 ft. per min. there is a gradual 
increase in the coefficient of friction, 
and that at rubbing speeds between 
500 to 5,000 ft. per min. there is a 
small dropping off in the friction value 
as the velocity increases, however, this 
reduction is small. 

The rate of wear of asbestos friction 
materials varies considerably in differ- 
ent types. In order to maintain a 
friction level within dependable limits 
some wear is desirable to remove the 
smooth glazed surface which forms on 
the lining because of accumulations 
which take place. Oil or grease may 
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Fig. 2—Increase in unit contact pressure is accompanied with slight tendency either 
to build up or to decrease the coefficient of friction in most materials 
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Fig. 3—Examples of the effect of increasing total normal braking pressure on the 


coefficient of friction 





Johns-Manville Corporation 


Fig. 4—Asbestos linings. Left, folded type. Right, flexible woven type 
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cause the lining to glaze. As glazing 
develops the coefficient of friction 
fades. Rough drum surfaces naturally 
increase wear and develop an apparent 
high friction value. 

The effect of water on asbestos fric- 
tion materials is to form a lubricating 
film, hence with some linings danger- 
ous slipping occurs when the material 
is wet. This film during braking oper- 
ations, however, is quickly squeezed out 
if not renewed. The rate of recovery 
in friction value depends upon the 
amount of water absorbed by the as- 
bestos fibers. Asbestos is a hygro- 
scopic material, it will absorb from 
two to four per cent moisture from the 
atmosphere. During manufacture the 
asbestos fibers are sometimes water- 
proofed as well as covered with the 
impregnating material. But as the 
friction lining or block wears in 
service, the fibers at the surface be- 
come uncovered and absorb water in 
addition to that held in the inter- 
stices of the lining structure and in the 
brake dust, which may when the lin- 
ing has not worn uniformly account 
for the grabbing effects of asbestos 
friction materials when damp. The 
curves in Fig. 5, taken from Prony 
brake tests, indicate the effect of water 
on the frictional value of linings and 
their ability to recover from the lubri- 
cating effect of the water film. The 
ideal lining, of course, would be unaf- 
fected by water. Some linings, in re- 
covering from the lubricating effect of 
the water film, become very sensitive 
and remain so for a considerable time. 
Others recover their prior effectiveness 
and remain at this level. 

Some linings have a tendency to 
swell with the absorption of water so 
that they drag on the drum surface if 
the clearance is small. Oil may also 
cause linings, particularly rubber- 
bonded linings, to swell and soften. 
Some synthetic resin-bonded linings 
are not physically affected by a 
thorough soaking in oil; their fric- 
tional value, however, drops consider- 
ably. Oil on a rubber lining, on the 
other hand, usually increases the fric- 
tional value after the consequent 
softening and disintegrating of the 
rubber. 

For satisfactory braking operations 
lining materials should be fitted tightly 
to bands with full bearing on the back- 
ing surface to prevent wrinkling and 
consequent crowding. All rivets or 
bolts used for fastening the lining 
should be body tight in the band in 
order to prevent any “play” that might 
cause a rivet failure by shear if sub- 
jected to shock or impact. 

There should be no clearance on the 
bolts in line with the force on the 
blocks, as the blocks may slip and 
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shear the bolts. All bolts and screws 
should have heavy steel lock washers to 
prevent loosening under vibration. 
For flexible industrial linings iarger 
than 1% in. thick brass bolts are gen- 
erally employed because the shearing 
effect increases with the difference in 
radius of the outer and inner lining 
surface. Flexible linings less than 1/4 
in. thick are usually secured to the 
bands by rivets. In Fig. 6 are shown 
various methods for fastening. 
Fastenings should never be per- 
mitted to come in contact with the 
brake drum. The heads should be 
countersunk below the friction ma- 
terial surface as far as can conven- 
iently be done without weakening the 
holding power of the fastening. In 
flexible materials, it is customary to 


counterbore at least half the thickness; 
in rigid materials about two-thirds the 
thickness. 

Because of wear of the friction ma- 
terial, it is sometimes impossible to 
prevent occasional contact of the 
fastenings with the drums. Every effort 
should be made, therefore, to prevent 
the possible cutting, scoring, or wear- 
ing away of the drum by the proper 
selection of the fastening material. 
Rivets and bolts for fastening friction 
material to bands are usually made of 
brass, copper, or aluminum. 

Brass rivets are superior to copper 
because they abrade rather than drag 
or plate the drum surface and show a 
minimum tendency to score under nor- 
mal operating conditions. 

As a general rule, solid flat head 
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Fig. 5—Curves from Prony brake tests indicating the effect of water on the frictional 


value of linings and their ability to recover 





Fig. 6—Methods of fastening friction materials to brake bands. ( A) Correct and incorrect methods for riveting linings to brake 


bands. 


rivets are the most satisfactory type for 
industrial purposes. Semi-tubular rivets 
are better for this work than the full 
tubular kind as they can be spread 
more easily when upsetting to make a 
tighter grip. Split rivets should not be 
used on industrial equipment under 
any considerations. 

The minimum length of rivet should 
be the thickness of lining under the 
rivet head, plus the thickness of the 
brake band or shoe, plus the diameter 
of the rivet body. The maximum length 
should be not more than one and a 
quarter times the minimum length. 

For fabric linings it is suggested 
that rivet heads be made twice the 
diameter of the body or shank. Molded 
linings are dense and mechanically 
strong and do not require rivets with 
as large heads to hold the lining in 
position. 

The number of rivets to use in a 
lining will depend upon the maximum 
pressure of engagement, the maximum 
coefficient of friction, and the safe 
shear strength of the rivets. The area 
A of brake lining in sq. in. per rivet, 
may be expressed in terms of maxi- 
mum pressure of engagement p in lb. 
per sq. in. maximum coefficient of 
friction f, and safe shear strength S 
in lb. per rivet, as 

A — S/pf 


Safe shear strength of brass rivets 
based on a unit strength in shear of 
12.000 lb. per sq. in. can be listed as 


5/16 in. din. rivet. ...... 920 Ib. 
r T X 600 1b. 
3/16 in. dia. rivet... .300 1b 
io in. агане. 2...6 150 lb. 


(B) Methods of fastening blocks to bands 


Rigid friction materials ?& in. thick 
and smaller are termed molded lin- 
ings; and thicker pieces are known as 
friction blocks. Because of their high 
mechanical strength, rigid molded fric- 
tion materials are often used where 
high stresses would break down the 
softer and more flexible types of ma- 
terials. Rigid molded materials being 
formed under pressure and the binder 
set to a rigid and infusible condition 
usually are more resistant to heat and 
more constant in frictional values over 
a relatively wide range of temperature 
than are the flexible types. Rigid 
molded linings are also less compres- 
sible and so require less frequent ad- 
justment when high pressures are em- 
ployed. 

Molded linings in roll form are 
usually made with an integral backing 
material to increase their mechanical 
strength, and are suitable for either 
internal expanding or external con- 
tracting wrap band or shoe type 
brakes. These linings have the fric- 
tion facing on one side only and have 
to be curved to suit design with the 
backing on the proper surface, that is, 
internally for expanding and exter- 
nally for contracting brakes. Coefh- 
cients of friction range from 0.20 to 
0.50. The linings are highly resistant 
to wear and are suitable for rubbing 
speeds up to 5,000 ft. per min., drum 
temperatures up to 500 deg. F. con- 
stant service, and up to 100 lb. per 
sq. in. brake pressure. Flexibility de- 
pends on incompletely curing the or- 
ganic binder and this type is more in- 
clined to fade at high temperatures. 

In recent years manufacturers are 


trying to design brake linings that 
have definite friction values and to in- 
clude a graded range of these values 
in their line. It has been found, how- 
ever, that some brakes require an 
overall frictional value, where there 
are two or more shoes, and this value 
is not satisfied by any one lining. 
Some brake designers use different 
types or styles of lining for different 
brakes in order to select the friction and 
wear characteristics that are most satis- 


factory. 
To provide in-between friction 
values, two different linings may be 


used on a given brake. One type of 
lining may be used on an energizing 
shoe and another kind on an auxiliary 
shoe. In the two-shoe type of brake, 
the energizing shoe does more of the 
braking than the non-energizing shoe 
and wears faster. To compensate for 
this increased wear, one automobile 
manufacturer furnished a thicker piece 
of lining on the energizing shoe. An- 
other “type of two-shoe brake has a 
longer piece of lining on the energizing 
shoe than on the non-energizing shoe. 
Some lining segments are so tapered 
that they are thicker at the areas of 
more rapid wear yet fit the drum. 


Epitror’s Note: For contributing data 
and helpful criticism during the prep- 
aration of this article, the editors 
acknowledge their appreciation of the 
valuable cooperation of J. W. Hemp- 
hill, Jr., Johns-Manville Sales Corpora- 
tion; T. R. Stenberg, Marshall-Eclipse 
Div., Bendix Aviation Corporation; 
and Dr. F. C. Stanley, Raybestos Div., 
Raybestos-Manhattan, Incorporated. 
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Modern Designs 


Redesign Reduces Costs 


Production economies are ob- 
tained through simple forms, in- 
expensive dies and ease of assem- 
bly in redesign of the TelAuto- 
raph transmitting and receiving 
sets. After analyzing the func- 
tions of the machines and study- 
ing the engineering and produc- 
tion considerations, Vahan Hago- 
pian, industrial designer, with 
the cooperation of TelAutograph 
engineers, designed new models 
constructed of simple parts, with 
pleasing lines and good propor- 
tions. 


Two signals are sent out simultane- 
ously by the transmitter, proportioned 
and controlled by the plane coordinates 
of the motion of the writing stylus. 
Transmitter signals are translated in 
the receiving set into similar coordinate 
positions of a writing pen. A third 
simultaneous signal controls lifting and 
depressing motions of the pen. Pressure 
of the stylus on the writing surface 
controls the signal that depresses the 
receiving pen onto the paper. 


(Continued on next page) 


Transmitter with 
Cover Removed 
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Machine before 
Pa redesign 


New mode/ 
TJransmi?ter 


/ 





MODERN DESIGNS - Redesign Reduces Costs 


Formed and welded sheet metal 
parts are used for chassis, casing and 
cover because these machines are not 
made in large quantities, thus avoid- 





Receiver with 
Cover Removed 


New Model 


Receiver 


Casings are made of sheet steel. Welded 
steel chassis supports the casing and 
also the mechanism. Writing plate is a 
sheet of Monel metal. Casings have a 


( continued ) 






face scratches will not be conspicuous. 
Parts of casing that the operator must 
remove by lifting when changing the 
paper rolls are on reassembly, aligned 





ing the expense of complicated dies. wrinkle finish so that incidental sur- and supported against rabets. 





Machine bases, formerly made of cast 
iron, are now stamped from No. 14 gage 
sheet steel to form an inverted pan with 
flanged edges and with diagonal ribbings 
to obtain strength and stiffness, in the new 
Pitney-Bowes postage meter machine, re- 
designed by Vahan Hagopian in coopera- 
tion with the development engineers of the 
Pitney-Bowes Postage Meter Company. 
Zinc die-castings are used for most of the 
parts comprising the casing. 





Machine After 
Redesign 


Carrying handle oí the machine is a 
stainless steel stamping. Other handles 
and knobs are zinc die-castings, these 
are grouped in convenient positions 
facing the operator. To reduce the 
number of dies needed many parts were 
designed so that they can be used in 
different machines. Stainless steel be- 
cause of its strength and resistance to 
wear was selected as the material from 
which to stamp the feed plate. The 
edges of the feed plate are skirted to 
gain strength. Housings are coated 
with a wrinkle finish. 
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Interchangeable Desk Units 


Developed by the office management 


division of the Studebaker Corporation 
and engineers of the Stow-Davis Furni- 
ture Company, this “convertible” desk 
is designed so that eleven different types 
of desks can be made from one base, a 
typewriter platform, and various sizes 
of tops. Construction is laminated wood 
and welded steel frames which con- 
tribute greatly te strength and durabil- 
ity. “Sled runner” bases are solid stock 
and hold the bottom of the desk 7 in. 
above the floor. To the right is shown 
the desk with “executive top” which 
overhangs 9% in. at each end and 9934 
in. at the back. Top is 5-ply, 1% in. 
thick American black walnut, banded 
on four edges with solid stock tongued 
to core and molded flush with top. 


Top view of pedestal with top re- 
moved, showing some of the welded steel 
framing, stiffened by corner gussets. 
Metal partition clips, bronze finished, 
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are adjustable to hold the partitions at 
any position. The tops are attached to 
the pedestal with machine screws which 
pass through the steel clips fastened to 


Clerical desk is equipped with а 
typewriter shelf 19 in. by 161% in., which 
can be placed at the right or left-hand 
end of the desk. On all styles and 
models the drawer pulls are aluminum 
alloy die castings, with bronze plated 
finish. Bases are banded at the bottom 
with a protective metal strip finished to 
match the drawer pulls. All drawers 
have 5-ply flush front, full dovetailed 
construction with 3-ply bottom, and are 
completely interchangeable. Finish is 
nitro-cellulose lacquer, highly resistant 
to alcohol and other liquids, hot or cold. 
Standard colors are brown walnut or 
silver gray walnut, hand rubbed to a 
smooth dull gloss. All pedestal bodies 
are 58 in. long, 2634 in. wide. 





the top edge of the pedestal and are 
threaded into steel inserts which are 
embedded in the underside of the ply- 
wood desk top. 








MODERN DESIGNS - Welded Frame. Adjustable Feed 





Paper shredder built by Mitts & Merrill has rotating 
knives which cut newspapers, magazines and waste paper into 
narrow strips that are fluffed to make “paper excelsior” used 
for packing. Speed of feed determines width of cut strips 
or shreds. Base of machine is welded steel plate. 


Variable 
speed . 
transmission 






Start-and- 
Stop feed 


Tension 
adjust- 
ment 


Speed of feed conveyor and feed rolls is adjustable by 
shifting handle of the Select-O-Speed transmission unit. 
Tension of V-belt drive to countershaft is adjusted by raising 


or lowering hinged base of the transmission unit. Flame-cut 


opening in welded base gives convenient access to motor. 


Unit Converts Drill Press into Drum Sander 





Reciprocating drum sanders can be made from stand- 
ard drill presses through the addition of a unit, Reciproc 
adjustable oscillating mechanism, built by Specialty Ma- 
chinery Company, to reciprocate drill press spindle. Conven- 
tional mounting on a three-speed drill press is shown above. 


10 


Drill head and table can be turned upside down for 
sanding large work. With a 1,740 r.p.m. motor the oscillator 
gives 200 working strokes per min., adjustable between 14 in. 
and % in. Loosening the rocker arm thumbscrew and remov- 
ing belt driving the Reciproc disengages it completely. 
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Improved Stuffing Box 


lantern ring extracting bolt 
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Lantern rings in stuffing boxes are 
usually hard to pull out. For this 
reason, the engineers of the Mixing 
Equipment Company designed the stuff- 


Double-row ball bearings support the horizontal and 
vertical shafts of the Gearturbo head of Peerless Pump Com- 
Extra heavy ball thrust 
bearings support lower end of geared shaft sleeve and outer 
Circulating oil lubricates unit. 


pany’s deep-well turbine pumps. 


end of horizontal shaft. 
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ing box shown above, and used on their 
“lightnin” mixers such as the model 
shown to the right. After the upper 
packing has been removed the puller 


j 





or extracting bolts are screwed into 
threaded holes in the lantern ring, 
which can then be pulled out without 
difficulty and without marring shaft. 


ٹپ 


E 
N 
2 
a 
2 
Е] 
E 
2 
E 
2 
" 
a 
А 
k] 
х 
E 
-] 
5 
3 
3 
a 
Я 
4 
+ 
С 
* 
| 
з 
H 
Г 
= 
rl 


1 
d | & 

Н | 
7*3 

! 

E 

Е із 
4 1 Е 

Í 

Н А 

3 

Е 

^ ^ 

К 2 





New filter designed by Caterpillar engineers for their 
diesel engines has cotton yarn wound on a metallic cylindrical 
. screen wrapped with filter paper. Yarn is accurately spaced, 
with closer spacing toward core. 
gage indicates when replacement of element is necessary. 


Filter is easily removed; 
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MODERN DESIGNS - Transparent Plastics Applications 





Water level and air volume control for pressure tanks, 
designed by Automatic Control Company, with a window of 
Vinylite. The material has resistance to moisture and chem- 
ical fumes and holds its shape and size. This company uses 
Vinylite windows for a number of other controls they make. 





New test lamp for 110 and 220 volt circuits designed by 
Line Material Company has a transparent molded plastic 
hood screwed into molded plastic base. The two small lamps 
under the hood burn dimly at 110 volts, brightly at 220 volts. 
Flexible lead wires connecting to pointed prongs have 5-in. 


fiber handles. Transparent plastic “unbreakable” hood pro- 


tects the lamps and also the operator should a lamp burst. 
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Another application for transparent plastics is found in 
the Arrow Beam flashlight made by Fulton Manufacturing 
Company. The barrels and caps are molded of Tenite in a 
variety of colors; the lens pieces are transparent Tenite. 
Injection molded by Fulton Manufacturing Company. 





RANDOM JOTTINGS 
ABOUT NEW DEVELOPMENTS 


SUPERFINISH increases the life of valve seats and disks 
twelvefold, according to Manning, Maxwell & Moore, 
engineers. The smooth high polish reduces friction 
and hence reduces wear. 


STORAGE BATTERY for flashlights is announced by Ideal 
Commutator Dresser Company. Small in size, it fits 
all popular 2-cell, 114-in. size D flashlight cases. Elec- 
trolyte cannot spill, plates are more than 1⁄4 in. thick; 
the battery withstands rough handling. A small charg- 
er—transformer and rectifier plates—recharges the 
battery in 12 hr. from a 110 volt, 60 cycle supply. 


FoRMiNG DiES in aircraft building are being made of 
cast zinc, with little machining required. Rubber made 
dies for embossing operations are also becoming pop- 
ular. A block of rubber, incompressible, forces the 
sheet into the cavities of the steel female die. 
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BALL and ROLLER BEARINGS 


Basic Factors Underlying Their Selection 


G. A. UNGAR, Consulting Engineer 


(Formerly Chief Engineer of SKF Ball Bearing Company, and author 
of the Bearings Section in Marks’ Mechanical Engineering Handbook) 


HEN SELECTING a ball or 
roller bearing, the designer is 
likely to become confused by 
the wide differences in load capacity 
ratings for the same type and size bear- 
ing of different makes. It might be 
assumed that differences in accuracy of 
manufacture and materials used would 
account for the differences in load ca- 
pacity ratings. However, as will be ex- 
plained, the differences in ratings are 
caused primarily by the differences in 
the methods of establishing them, as 
adopted by manufacturers. An intelli- 
gent comparison of the load capacities 
of bearings of different makes therefore 
requires that the catalogued ratings be 
corrected to a standard of comparison 
that will be the same for all of them. 
The load carrying capacity of rolling 
contact bearings, that is, ball, roller or 
needle bearings, if made of suitable 
material, accurately manufactured, cor- 
rectly installed and housed and properly 
lubricated, is determined by the fatigue 
of the materials of races and rolling 
elements. The moment at which fatigue 
failure occurs is dependent upon the 
magnitude of the stresses imposed by 
the load and upon the number of stress 
applications. Manufacturers give the 
load rating of their bearings as pounds 
load capacity at a specified speed and 
specified hours of estimated bearing life. 
Tests conducted under carefully con- 
trolled conditions have established the 
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relation between load, speed and bear- 
ing life expectancy. When testing a 
number of bearings under definitely 
controlled conditions, the time when 
failure occurs is not the same for all 
bearings. Therefore, it is customary to 
use either the minimum life of one of 
a definite percentage of a large group 
of tested bearings or the average life of 
a certain percentage of a large group of 
tested bearings. 

There is at present no agreement 
among manufacturers as to the ratio of 
expected life to tested life. Even the 
specified conditions of life testing are 
not the same for all manufacturers. The 
minimum life expectancy figures upon 
which the load ratings are based, are 
arrived at by SKF, Norma-Hoffmann, 
Timken, Tyson and Bantam by taking 
90 per cent of the average test life of a 
large number of bearings tested under 
identical load and speed conditions and 
with lubricant renewed at regular inter- 
vals. Hyatt bearing ratings are based 
on an average life expectancy of 50 per 
cent, instead of 90 per cent, of the aver- 
age test life of a large number of bear- 
ings tested under identical conditions 
but with only one initial lubrication 
charge and without lubricant removal. 

When it is considered that the aver- 
age life expectancy of a large group of 
bearings is from 3Y!5 to 5 times their 
minimum life expectancy, it is obvious 
that the load ratings of the same size 


.210 Single-row Deep-groove 
Bearings with IO 5-in. Balls 


bearings based on average and mini- 
mum life expectancy will be widely 
different and therefore cannot be used 
as a basis of direct comparison. 
Another fact to be considered when 
comparing published rated load capaci- 
ties is that there is no uniform standard 
as to the total number of hours of bear- 
ing life, be it average or minimum, 
upon which the rated capacity is based. 
Bantam uses 3,000 hr., SKF 2,500 hr., 
Fafnir and New Departure 3,500 hr., 
Marlin Rockwell and Hyatt 5,000 hr., 
Norma-Hoffmann 10,000 hr. average 
life. Timken and Tyson base their rat- 
ings on 3,000 hr. minimum life, instead 
of basing them on an average life figure. 
To illustrate the effect of the differ- 
ences in life expectancy figures used for 
the basis of rating bearings, Fig. 1 
charts the catalog ratings at different 
speeds for ball bearings of three differ- 
ent manufacturers. Each bearing has 
the same number of balls of the same 
diameter and is made of the same ma- 
terial. SAE 52100, heat-treated to an 
average Rockwell C hardness of 62 is 
used for races and balls and all parts 
are precision finished. The actual 
tested or service life will be the same 
for each of the bearings because they 
are identical in all respects but, as 
shown in Fig. 1, their load ratings or 
rated capacities are considerably differ- 
ent. The difference is caused entirely 
by the difference in the arbitrarily 
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Fig. 1—Graph showing how difference in arbitrarily chosen average bearing life of three manufacturers affects catalog ratings 


January, 1941 


13 











chosen number of hours of average 
bearing life. 

From the foregoing it is evident that 
the published material available to the 
designer for the selection of rolling 
contact bearings must be used with con- 
siderable discretion in spite of the fact 
that manufacturers have made available 
a great mass of accurate and valuable 
data. The following considerations and 
procedures, based on information taken 
from catalogs and engineering publica- 
tions of the different manufacturers, 
will enable the designer to make a fair 
comparison of the actual load capacities 
of different makes of bearings and the 
criteria or rules by which to arrive at 
a correct judgment in the selection of 
bearings. 


Actual Bearing Life 


From data obtained from innumerable 
tests conducted by different bearing 
manufacturers, the following empirical 
equation was developed for calculating 
the actual number of hours of life of 
a redial or angular bearing: 


Н Е 
t NP* 
where 
H — hours of bearing life, actual 
V 08. 


P — load in lb., actual radial load in th« 
case of a radial bearing. For radial 
and thrust loads, P is calculated as 
the radial load equivalent to the 
combined radial and thrust load 

C =a constant which varies with the 
type and size of the bearings 

x = exponent determined by the manu- 


facturer by tests. For SKF bear- 
ings x = 3, for Marlin Rockwell 
x = 3.3, for Tyson roller bearings 


3235 = ۽ 
The actual hours of expected bearing‏ 
life H can easily be calculated from A..‏ 
the average life of a bearing as rated‏ 
by the manufacturer, and P., the cata-‏ 
log load rating in lb., for any average‏ 
total bearing load P,, from the equation‏ 


H = H.F" Pe 


Ра, 

The “safety factor” F is based on 
data obtained from the service experi- 
ence of the manufacturer. The ex- 
ponent x is the same as in the formula 
for H given above. For convenience in 
applying the above formula, the curves 
for five bearing manufacturers in Fig. 2 
give the average hours expected life 
directly from the multiplying factor 
(POP. 


F- 


where 


Load Capacity 


In order to evaluate the load carry- 
ing capacity of a bearing for a given 
application, it is advisable to consider 
both the load carrying capacity at the 


given r.p.m. and the space occupied by 
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Fig. 2—Chart for determining average hours expected life of a bearing from catalog 
life and load ratings, when the average service load differs from the catalog load 


the bearing. The load'criterion is there- 
fore expressed in lb. per sq. in. of pro- 
jected bearing area, the projected bear- 
ing area being the area projected by 
the outer race upon a plane passing 
through the axis of the bearing. minus 
the similarly projected area of the bore 
or the shaft diameter if the rolling ele- 
ments operate directly on the surface 
of the shaft. 

The values of load capacity per unit 
of projected area are tabulated in the 
Reference Book Sheet on page 47. The 
load ratings as given by the manufac- 
turers were converted to the equivalent 
rating at 300 r.p.m. and a minimum life 
expectancy of 3,000 hr. These calculated 
load capacities were then divided by 
the projected bearing area as defined 
above, thus obtaining the load capacity 
factor as tabulated. These load factors 
are averages for bearings ranging from 
l5 in. to 4 in. bore or shaft diameter. 
unless otherwise stated in the table. 

The table gives either the radial or 
the axial load factor, and a factor X 
which applies to the formula: 


Radial Load — X x Axial Load 


The ability of a bearing to withstand 
shock is rated as the product of the 
calculated bearing load and the shock 
safety factor recommended by the 
manufacturer. The table on page 47 


gives these shock factors for three de- 


grees of shock: (1) steady load. 


(2) moderate shock, and (3) extreme 
and indeterminate 


shock. Bearings 





with greater shock resisting ability will 
have a numerically higher shock factor. 

Obviously, three factors are involved 
in the catalogued bearing capacity 
ratings, namely, the load, the speed in 
r.p.m., and the hours of operation. In 
considering load capacities, it is neces- 
sary to distinguish between static and 
dynamic loads. The permissible static 
load capacity of a bearing, known as 
the non-brinelling static load, is that 
load which is reached just before a 
local permanent surface deformation 
takes place. Dynamic load capacities of 
a rolling contact bearing are substan- 
tially lower than the static load capac- 
ity because of the effect of fatigue. 

Ratings of radial and angular bear- 
ings are always based on revolving 
inner races. Here the number of stress 
reversals is less than for outer races 
revolting at the same speed. The life 
expectancy of bearings with revolving 
outer races is therefore less than that of 
the same bearing with revolving inner 
race, amount of difference depending 
upon type and size. Conversion factors 
for determining ratings for revolving 
outer races are supplied by the manu- 
facturers. 


Maximum Recommended Speed 


Of importance in high-speed applica- 
tions approaching the maximum speeds 


recommended by the manufacturer, the 
table on page 47 tabulates maximum 
allowable speed in hundreds of r.p.m. 
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for bearings of three grades of finish: 
regular bearing finish (reg.), precision 
finish (prec.), and ultra-precision finish 
(u.prec.). These speeds for bearings 
with rotating inner races are tabulated 
for l5 in. l in. 2 in. and 4 in. bore 
shaft diameter. For bearings with 
standard SAE dimensions the bore of 
the light series bearings is used while 
for the medium and heavy series bear- 
ings the bore of the light series bearing 
corresponding to the same 
diameter were used. 


outside 


Bearing friction is of importance 
particularly in higher speed applica- 
tions. Heat generated is a function of 
frictional resistance and speed. High 
friction might create problems of heat 
transfer in order to avoid excessive tem- 
peratures. In view of the many factors 
affecting actual frictional values the 
friction criteria of the table (p. 47) 
express only relative magnitudes which 
are expressed as low (1). medium low 
(2). medium (3), medium high (4), 
and high (5). 

Relative values of bearing noise are 
expressed by the acoustic criterion tabu- 
lated in the table (p. 47). since actual 
decibel readings will depend on a num- 
ber of factors not actually functions of 
the bearing proper. The values chosen 
for comparison are: silent (1). fairly 
silent (2), and noisy (3), at bearing 
speeds varying from approximately one- 
third to one-half the maximum r.p.m. 
up to the maximum r.p.m. of the bear- 
ing type and size in question. 

The ability of the bearing to com- 
pensate within itself for axial misalign- 
ment and shaft deflection is expressed 
in the table (p. 47) as permitting: ex- 
treme misalignment up to plus or minus 
5 deg.. slight misalignment up to plus 
or minus 1 deg. and no misalignment 
permissible. Spherical types, or self- 
aligning bearings, permit extreme mis- 
alignment. The number of bearings (1 
or 2) of the type in question required 
to provide axial stabilization of the 
shaft on which the bearings are mounted 
is also listed in the table. 


Considerations Not Tabulated 


The foregoing criteria lend them- 
selves to general tabulation but there 
are additional factors which must be 
considered when making a selection of 
bearings which is to provide a really 
economical installation. 
portant of these is cost. 

When selecting bearings on the basis 
of cost, the correct cost comparison is, 
of course, the total cost divided by the 
number of hours of life expectancy. The 
total bearing cost is the sum of the 
first cost, the cost of the bearing mount- 
ing (machining cost of shaft and hous- 
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Groove Type 


of maintenance 
the estimated 


ing) and of the cost 
(lubrication) during 
bearing life. 

Another important consideration is 
that of ready replacement. Designers 
should specify bearings of a type and 
make that is certain to be in dealers’ 
stocks wherever the ultimate geogra- 
phical location of the machine may be. 

The wear of associated parts should 
also be properly considered. The asso- 
ciated parts primarily affected by the 
wear of rolling contact bearings are 





Conical Rollers 


| Cylindrical Rollers 





shafts and housings. Bearings which 
are complete units consisting of inner 
and outer races with rolling elements 
have little effect upon shaft and housing 
surfaces when bearing wear takes place, 
but where shafts or housings fulfill the 
functions of raceways, then wear be- 
comes a more important factor in the 
cost of possible replacements and re- 
pairs. For this reason shafts and hous- 
ings are used as raceways primarily 
only for reasons of radial space econ- 
omy, and are not so used if available. 
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HYDRAULIC COUPLINGS-I 


Operating Principles, Performance Characteristics 


Hydraulic Coupling Division, 


IDESPREAD attention is be- 

ing given to fluid couplings 

today not only because of 
their ever-increasing use in automobiles, 
pioneered in the United States by 
Chrysler two years ago, but because 
these couplings are being applied to 
bus, truck, road machinery, railroad 
and other industrial machinery for 
both constant-speed and variable-speed 
transmission. This article will ex- 
plain the basic principles of opera- 
tion of traction-type, constant-speed, 
and scoop-tube, variable-speed-type hy- 
draulic couplings, and will set forth 
the inherent advantages in fluid drives 
and the scope and limitations of their 
applications. Several different types 
have been developed to meet specific 
requirements of different classes of 
machinery drives. 

The hydraulic coupling operates on 
a hydrokinetic or turbo-principle in 
which power is transmitted from the 
driving rotor to driven rotor by kinetic 
energy continuously supplied to a cir- 
culating liquid. The simplest form of 
hydraulic coupling, the traction type, 
consists essentially of three main ele- 
ments: the primary element or impeller, 
the secondary element or runner, and 
the inclosing cover or casing. 

In Fig. 1 is shown an exceptionally 
large runner. 6 ft. 10 in. outside 
diameter, fabricated by Lukenweld, 
Inc. entirely out of welded steel plate. 
The radial vanes or ribs guide the cir- 
culation of the hydraulic medium. The 
vanes in the half-circle section midway 
between hub and rib are detail of 
mechanical design. They are usually 
omitted in smaller couplings as can be 
seen in Fig. 2, which is a disassembled 
view of a traction coupling. The im- 
peller and runner differ primarily in the 
number of radial vanes extending from 
the hub to the rim. When assembled. the 
impeller is mounted on the driving 
shaft or flywheel, the runner is keyed 
to the driven shaft. There is a small 
clearance between runner and impeller. 
An oil sealed casing envelopes the two 
units. The impeller usually serves as 
one-half of the split casing. 

The runner, since it has no torsionally 
rigid connection to the impeller of the 
coupling, figuratively “floats” in the 
working medium which is usually a 


16 


R. D. McCAUSLAND 


light mineral oil having non-corrosive 
and lubricating properties. Assuming 
the coupling to be full of oil, when the 
impeller is turned over, centrifugal 
force acts on the liquid between the 
vertical vanes, tending to throw the oil 
outward from the inner diameter as 
indicated by arrows, Fig. 4. Similarly, 
centrifugal force acting on the oil 


American Blower Corporation 


the runner, tends to throw it radially 
outward. The speed of the impeller is 
greater than that of the runner, and 
hence the radial pressures exerted by 
centrifugal force are greater in the 
impeller than in the runner. This causes 
oil circulation, as indicated. 

The power transmitting capacity of 
a hydraulic coupling is dependent upon 





Fig. 1—Almost 5 ft. in dia., this runner weighs 2,920 lb. and is constructed entirely of 
roller steel pieces welded together; built by Lukenweld, Inc. The impeller that goes 
with it is almost identical except for the number of radial vanes for guiding the oil 





Impeller 


Fig. 2—Disassembled traction coupling. 


Runner 


Casing 


The impeller provides one-half of the cas- 


ing. The casing shown rotates with the impeller, being bolted to it 
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the conversion of mechanical power 
delivered to the impeller, into kinetic 
energy which is imparted to the circu- 
lating oil as it passes through the 
impeller. When the oil subsequently 
passes through the runner its kinetic 
energy is reconverted into mechanical 
energy. Although the following expla- 
nation is not complete and accurate, 
it serves to give a conception of the 
principle of operation of fluid coup- 
lings. The kinetic energy of the cir- 
culating oil may be expressed in terms 
of MY ° where M is the mass of the 
liquid in motion and velocity V is the 
resultant of the velocity of circulation 
and the tangential velocity of the rotat- 
ing mass of oil. Thus, the kinetic energy 
of every particle of the circulating oil 
is a function of its absolute velocity 
which the resultant of the radial 
velocity and the velocity tangential to 
the circular path of rotation. The radial 
velocity changes must be inversely 
proportional to the cross-sectional areas 
of the path of flow and hence are rela- 
tively small and can be ignored. The 
tangential velocity component will be 
directly proportional to the r.p.m. 
speed and the distance from the center 
of rotation. Only the kinetic energy 
associated with the tangential velocity 
need be considered. 

When a slug of oil passes from the 
impeller to the runner, it will have a 
certain tangential velocity V, as deter- 
mined by the linear velocity of the im- 
peller at the point where the slug of 
oil leaves it to enter the runner. The 
circulating oil will then travel radially 
toward the center of the runner. When 
the oil first entered the impeller it had 
a kinetic energy of the order of MV, 
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Fig. 3—Hydraulic couplings for conveyor drives protect the equipment from possible damage when the conveyor jams 


in the tangential direction. As the oil 
moves radially toward the center its 
tangential velocity decreases propor- 
tional to the distance from the center 
of rotation, decreasing to a velocity of 
V, at a point near the hub where the 
oil leaves the runner to return to the 
impeller with a kinetic energy of the 
order of V5MV ;". The difference between 
these kinetic energies 9M (V, — V) 
has been absorbed by the runner and 
appears as power output of the coupling. 

A simple mechanical analogy of the 
operating principle of hydraulic coup- 
lings is illustrated by a person sitting 
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on a piano stool with arms outstretched 
and holding a heavy weight in each 
hand. If the person is now spun slowly 
and then suddenly pulls the weights 
close to his side, his speed of spinning 
will greatly increase. 

It is obvious that there must be slip 
between the impeller and the runner in 
order to provide the unbalanced cen- 
trifugal forces that cause circulation. 
If both runner and impeller rotated at 
the same r.p.m., the centrifugal force 
acting on the oil would be the same 
for both runner and impeller, and 
hence there would be no unbalanced 


"A od force develops a radial pressure in 
in the faster rotating impeller 


Asimilar opposing but smaller pressure is developed 


in the runner 
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Fig. 4—Schematic diagram showing how the hydraulic oil is circulated by centrifugal 
force and gives up a portion of its kinetic energy to the impeller as the oil travels 


from the rim towards the hub 
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Fig. 5 -Performance curve of traction-type hydraulic coupling 
with general-purpose, squirrel-cage motor as driving unit 


pressure to cause circulation. Without 
circulation of the oil, no torque can be 
transmitted. Generally, the slip is only 
2 per cent, or even less, although in 
some special cases the slip may be of 
the order of 3 or 4 per cent, with satis- 
factory operation. The limit of torque 
transmission is reached when the slip 
is so great that the oil circulation be- 
comes turbulent and the oil churns. 
This behavior makes impossible the 
stalling of the motor or engine which is 
driving the coupling. 

It is obvious that the horsepower 
transmitted by a fluid coupling will be 
a function of the diameters of the 
coupling, the density of the hydraulic 
fluid, the rate of its circulation, the 
r.p.m. of the coupling, and the per cent 
of slip. The power transmitted by a 
fluid coupling is proportional to the 
density of the liquid used as a medium 
and considerable effort has been ex- 
pended by numerous oil companies in 
search of a special-type non-corro- 
sive liquid having lubricating qualities 
as well as low viscosity, low freezing 
point, high boiling point, freedom from 
chemical breakdown when subjected to 
the combined effects of time, tempera- 
ture and turbulence, and availability at 
a reasonable price. 

Mercury, for instance, is about fif- 
teen times as heavy as oil but it is 
destructive to non-ferrous materials in 
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the coupling. Its weight and cost more 
than offset the gain in reduced coupling 
size. Best results have been obtained 
by the use of a good grade light min- 
eral oil such as is commonly used in 
steam turbines and having a viscosity 
of about 150 Saybolt second units at 
100 deg. F. This oil has a low freezing 
point; thus all types of fluid couplings 
can be used out-of-doors where extreme 
weather conditions prevail. 

Temperature of the oil does not have 
a great deal of effect on coupling per- 
formance. However, a rise in oil tem- 
perature caused, for instance, by the 
coupling being operated under load at 
a high slip will improve the efficiency 
of the coupling resulting in slightly 
higher torque being delivered. This 
may be contrary to first impressions in 
that a rise in temperature will lower 
the viscosity and density, but this is 
more than offset by the increased rate 
of circulation due to reduced resistance 
to flow. 

The quality of construction of a 
hydraulic coupling is an important fac- 
tor in determining efficiency. The ro- 
tating members of the coupling may 
either be made from sand castings, die 
castings, fabricated welded steel or 
machined from a solid block. The fac- 
tors influencing the kind of construc- 
tion are: (1) allowable weights and 
inertia, (2) cost per unit of production 
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Fig. 6—Performance curve of traction-type hydraulic coupling 
with an internal combustion engine as driving unit 


rate and (3) efficiency, influenced by 
the roughness of the surface in contact 
with the circulating oil and the thick- 
ness of the vanes in the runner and the 
impeller. Where mass production is not 
warranted, sand castings carefully 
ground to insure a smooth surface are 
commonly used. 

The manner of mounting hydraulic 
couplings in various drives is dependent 
upon actual conditions found with each 
application. However, two designs, hub 
and flywheel mounting, have been 
adopted. In the former design the im- 
peller of the coupling is constructed 
with a cored out hub which will slip 
onto a projecting shaft. This method is 
used for mounting the coupling directly 
on a motor shaft or on a supported 
jackshaft. The impeller of the coupling 
can also be designed so that it can be 
bolted directly to the flange of the 
flywheel. This method is commonly 
used with internal combustion engines 
having the coupling mounted directly 
on the engine flywheel. 

The vortex action of the oil circulat- 
ing between the coupling impeller and 
runner creates a thrust between these 
two elements varying in direction and 
magnitude and depending on load and 
slip conditions. This thrust is absorbed 
internally in the traction-type and 
scoop-control-type hydraulic couplings. 
In the pump-controlled type, it is usu- 
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aliy taken by an outboard bearing. 

There have been many oil seals de- 
signed for sealing between shaft and 
casing, mostly of the diaphragm type, 
each having various degrees of success. 
Relatively recent research work has 
resulted in the development of a spe- 
cial contact seal assembly which has 
proved satisfactory. The variable-speed 
type hydraulic couplings do not present 
any oil seal problems that cannot easily 
be taken care of by the use of simple 
labyrinth glands. 

The power loss in fluid couplings is 
practically entirely a function of fric- 
tional resistance to circulatory flow of 
the liquid. This resistance is dependent 
upon the design of the coupling circuit 
or curvature of the walls, the smooth- 
ness of the walls and vanes, the amount 
of space taken up by the vanes, inter- 
nal flowing friction, and viscosity and 
density of the liquid used which are 
in turn affected by the temperature and 
degree of aeration. 

If the load on a hydraulic coupling 
running at constant speed is increased, 
slip increases, resulting in a faster cir- 
culatory liquid flow. As stated above. 
with increasing slip a point will be 
reached where turbulent flow begins. 
This will decrease the rate of oil cir- 
culation which in turn will further de- 
crease the torque transmitted, increase 
the slip. and finally the coupling will 
stall. In many applications this is de- 
sired. By varying the quantity of liquid 
within the coupling and by introducing 
various degrees of baffle to impede the 
high velocity circulating liquid, the 
overload torque at which the coupling 
will stall can be regulated. One meth- 
od is to design the coupling with a 
baffle or disk in the path of flow of 
the circulating oil, positioning the baf- 
fle in such a way as to disrupt the flow 
when the velocity of circulation has 
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Torsional Vibrations Before the Coupling 


reached the point corresponding to the 
maximum torque it is desired to trans- 
mit. The design of the baffle is such 
that it does not interfere with circula- 
tion under normal slip full-load and 
full-speed operation. The baffle also 
reduces the drag torque through the 
coupling at low driving or idling speeds. 
In some cases the use of a large baffle 
to reduce drag torque has eliminated 
the need for a disconnecting clutch in 
the installation. 

From the preceding description it 
can be seen that the fluid coupling al- 
lows any prime mover to be started 
up under no load condition and then 
gradually and smoothly pick up the 
load as it gains speed. This is shown 
in the performance curves of Fig. 5 
for an electric motor drive with fluid 
coupling transmission. Referring to 
Fig. 5, the starting or stalled torque 
curve of the coupling shows that any 
motor driving a load through a hydrau- 
lic coupling starts under no-load and as 
the motor accelerates under its own 
torque it applies a gradually increasing 
torque to the load, making a shockless 
start and smooth acceleration. Little 
time is lost in this start because the 
motor attains almost full-load speed in 
a split second and then it transmits its 
peak torque, or less if desirable, to 
quickly accelerate the load. 

The starting torque delivered to the 
load by a standard, general purpose, 
squirrel cage motor driving through a 
fluid coupling is comparable to that of 
a high starting torque, high slip motor 
which is more expensive and less effi- 
cient. Furthermore, the starting cur- 
rent drawn by the normal torque motor 
with fluid coupling is only a fraction 
of what it would be with the motor 
direct connected. When the driven 
machine is up to full speed and full 
load the coupling has normally only 
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Fig. 7—Test set-up and charts made by vibrographs showing how the fluid coupling 


dampens torsional vibrations 
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one to a maximum of four per cent slip, 
which approximates the loss of power in 
the coupling. However the slip in- 
creases if an overload occurs and will 
increase to 100 per cent if the overload 
reaches a predetermined value. Thus 
the coupling protects the motor from 
any damaging overload and also limits 
the amount of torque transmitted to the 
stalled load. The motor can be re- 
versed while the driven machine is still 
running and thus apply a smooth and 
gradually increasing braking effect. 

The performance of the fluid coup- 
ling used with an internal combustion 
engine is shown in Fig. 6. The engine 
starts against no-load and a smooth 
take-up of the load is obtained by sim- 
ply accelerating the engine. The ini- 
tial high slip in the coupling rapidly 
decreases and falls to around 1 per cent 
to 3 per cent in the normal range of 
speed and load. Referring to the 
curve, it can be seen that it is impos- 
sible to stall the engine however much 
the load is increased, since the effect 
of overloading the coupling merely 
pulls down the speed and a point is 
reached when the slip in the coupling 
rises to 100 per cent, that is, the coup- 
ling stalls. Under these conditions the 
output shaft is stalled while the engine 
continues to run at a reduced speed, 
yet full engine torque is delivered to 
the load. There is no loss or gain of 
torque in the coupling when stalled or 
under any operating conditions, and 
when the overload is removed the coup- 
ling will automatically speed up—like 
a stalled steam turbine. 

The cushioning effect of fluid drive 
absorbs shock loads and torsional vibra- 
tion that would tend to be transmitted 
from the engine to the driven machin- 
ery and vice versa. The softness of 
fluid drive and the slippage character- 
istic of the coupling reduces wear on 
friction clutches and takes the shock 
from gear ‘and chain drives, extending 
their life. Flywheel energy can be 
transmitted through the coupling with- 
out any shock to the equipment simply 
by running the engine at top speed and 
dropping in a friction clutch positioned 
between engine and fluid coupling. 
Another inherent characteristic of 
fluid couplings is that due to their in- 
creased slippage at overloads they auto- 
matically equalize the load between 
two or more engines or motors operat- 
ing in tandem at approximately the 
same speed. This feature eliminates 
the common difficulty found in attempt- 
ing to synchronize prime movers driv- 
ing in tandem. 


Editor’s Note: The design and appli- 
cation of hydraulic clutches for vari- 
able-speed transmission will be covered 
in February Propuct ENGINEERING. 
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CRITICAL SPEEDS OF SHAFTS 


HE numerical computation of 
critical speeds of shafts of vari- 


able diameter is generally la- 
borious. The technique explained here 
will often effect an appreciable saving 
in the labor required for such work. 

Critical speed of a shaft is that r.p.m. 
at which the rotating system becomes 
unstable and vibrations of large ampli- 
tude build up. This condition of reson- 
ance occurs whenever fhe shaft is ro- 
tating at a speed equal to its frequency 
for free lateral vibration. It is demon- 
strated in treatises on vibration (“Vi- 
bration Problems in Engineering,” 
Timoshenko, Second Edition, 1937, 
p.94, D. Van Nostrand Co.) that the 
frequency for the lowest mode of mo- 
tion is given by the equation, 

f- ды ФЕТ, “cycles sec. (1) 
2T SW. уг 
where W, are the loads on the shaft, 
y; are their respective static deflections, 
and g is the gravitational constant. The 
summation is to extend over all the 
weights on the shaft. 

Thus it is necessary to have the static 
deflection at each load, and when the 
shaft is not of uniform diameter con- 
siderable labor may be involved. For 
such shafts it is sometimes convenient 
to make use of the equation of elastic 
energy (Elastic Energy Theory, J. A. 
Van den Broek, p.42, John Wiley & 
Sons, 1931) for the deflection of a 


beam, 
j= f Ээн (2) 
EI 


Where M, is the bending moment re- 
sulting from the applied loading. M, 
is the bending moment caused by а 1-1Ь. 
auxiliary load acting at the point and 
in the direction that the deflection is 
desired. E is the elastic modulus for the 
material and 7 the moment of inertia 
of the cross-section. The integration is 
to extend over entire length of shaft. 


An efficient means of carrying out ' 


this integration is to give Equation (2) 
a geometric interpretation. Referring 
to Fig. 1, let the product M, M,/I be 
considered one of the rectangular end 
surfaces of the solid represented 
therein. If M’, M’,/I is the other end, 
and if these surfaces are parallel and 
separated by a perpendicular distance 
dx, the volume of this solid of length 
dx, when divided by E, will be the inte- 
grand of Equation (2). Such solids 
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are considered as being located through- 
out the length of the shaft, the sum of 
which gives the value of the integral or, 
by Equation (2), deflection y can be 
calculated. 

For the problems here considered, 
the bending moment diagrams will be 
represented by segments of straight 
lines. Therefore, if, instead of the in- 
finitesimal dx, solids having finite 
lengths are considered, these volumes 
may then be computed by elementary 
geometry and the deflections found. 

The prismoidal equation, 


1 
Vol. = — (A + 4M + B) (3) 
6 


is convenient for such purposes. Here 
A and B are the areas of the end sur- 
faces and M is the area of the cross- 
section mid-way between. 

The shaft must be divided into seg- 
ments in such a manner that the shaft 
has a uniform diameter throughout 
each interval. Otherwise there will be 
a discontinuity in the curve represent- 
ing M,/I. When a shaft carries a uni- 
form load, the bending moment may be 
closely approximated by assuming that 
the shaft is divided into small intervals 
with the load on each interval being 
considered as concentrated at its center. 
Such a shaft is shown in Fig. 2(a), 
which supports a load of 100 lb. per in. 
over the central section which is 27 in. 
long and 3 in. in dia. This central por- 
tion is divided into three equal lengths 
of 9 in. each with a load of 900 Ib. at 
their respective mid-points. 

The bending moment diagram Fig. 
2(b) is everywhere divided by the cor- 





Fig. 1--Geometrical interpretation for 
carrying out integration of Equation (2) 


responding moment of inertia of the 
shaft giving diagram (c) of Fig. 2. For 
the deflection at the center, place the 
lb. auxiliary load at E, Fig. 2(d), 
which gives the M, diagram Fig. 2(e). 
The result of multiplying M,/I by M, 
is also shown in Fig. 2(e), tabulated 
below the base of the diagram. 

The integrand volumes may now be 
computed. For the portion AB, the 
solid would be the pyramid with area 
of base 30,180, (M, M,/1) altitude 744 
in. dx and volume 13x744x30,180 = 
75,450. For BC there results the pris- 
moidal solid of end areas 13,530, and 
65.460, and mid-section 34,620, and 
length 9 in. The volume would be 
1/6x9 (13,530+4x34,620+65,460) = 
326,205. Dividing these values by E, 
the modulus of elasticity gives the inte- 
grands. The complete calculations for 
the deflection y at M are given below. 
Due to symmetry, it is only necessary to 
make computations for one-half the 
shaft; the result is then doubled. 


D M.M de/l 
sec. 


AB 1g X 7% X 30,180 = 75,450 
BC K X (3530 F 4 X 34,620 
+ 65,460) 326,205 


CD 1% X 4% (46,220 + 4 X 


59,680 + 74,860) = 269,850 
DE \% X 9 (74.860 + 4 х 

97,400 + 122,240) = 880,050 
For one-half the shaft, M,M, 

ах/1 = 1,551,555 
For mid-point of shaft, 

22 Х 1,551,555 u— 
Ye = 30,000,000 = 0.1034 in. 


For the deflection at D,. place the 
auxiliary load as shown in Fig. 2(f). 
The M, diagram together with the 
values of M, M,/I are shown in Fig. 
2(g). Computations for y, are given 
below. 


M,M ,dz/I 





4 х 715 X 39,230 = 98,075 
6 X 9 (17,580 + 4 X 45,010 
“ah 85,090) 424,065 
6X 4! Сми + < x 77,590 
E 97,320) = 350,820 
X 9 (97,320 + 4 X 92,240 
+ 85,560) = 827,760 
1% X 9 (85,560 -- 4 X 68,180 
+ 52,410) = 616,035 
х 416 (52,410 + 4 X 41,780 
+ 32,350) = 188,910 
X 9 (45,820 + 4 X 24,230 
+ 9,470) = 228,315 
4 X 71% X 21,130 = 52,825 
УМ,М,іх/1 = 2,786,805 
2,786,805 à 
уа 30, 000, 000 = 0.0929 in. 
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Fig. 2—4t (a) is a 
stepped shaft which sup- 
ports a load of 900 lb. 
per in. over the central 
section; (b) is the bend- 


ing moment diagram ; (c) 3 
is the diagram bending 3 
I i & 
moments divided by their № 
corresponding moment of a 


inertia; (d) shows the 
auxiliary load of 1 lb. at 
the center, which gives 
the M, diagram at (e) 
below which are tabu- 
lated values of M, M,/I. (b) 
At (f) is the deflection 
diagram for the auxiliary 
1-lb. load at D, and at 
(g) the values of M, M, 
I are shown 
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Fig. 3—The M/I diagram method for 
determining critical speed of a loaded shaft 





Now applying Equation (1), 
bas 4 gZW ; ui = 1 | (ХУ 
^ 2r Y Wy? 2% ү Dye 


Lyi = 0.0929 + 0.1034 + 0.0929 





t 
< 
| 


0.0929 + 0.1034 + 0.0929 
к = 32.2 X 12 = 386 in. /sec. /sec. 
f = 10.06 cycles /sec. 
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The critical r.p.m. is found to be: 
(r.p.m.) -- = 60 X 10.06 = 603 r.p.m. 


If the shaft consists of many short 
sections of different diameters carrying 
numerous loads, the foregoing method 
becomes quite tedious since the auxil- 
iary load must be applied at every point 
where the deflection is required. 

For such a shaft the conjugate beam 
(“Elements of Strength of Materials,” 
Timoshenko and MacCullough, Second 
Edition, 1940, p. 167, D. Van Nostrand 
Co.) is suitable. In this process a fic- 
titious or conjugate beam is assumed to 
be carrying a load distributed similarly 
to the M/I diagram of the given or 
actual beam. The bending moment 
which occurs at any point in this con- 
jugate beam, when divided by E, will 
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be the deflection of the actual beam at 
that point. 

For a shaft having the uniform loads 
shown in Fig. 3(a) the M/I diagram 
will be simpler and much labor will be 
saved if the load on each interval will 
be considered, not as concentrated at 
its mid-point, but as divided into two 
equal parts located at the end points 
of the segment. Such a redistribution 
of the load will give the moment dia- 
gram of Fig. 3(b), and at (c) the M/I 
diagram. 

While Fig. 3(c) is the conjugate 
beam for this shaft, it is usually satis- 
factory to assume that all of the load 
of each interval is concentrated at the 
center of gravity of the triangles and 
trapazoids of (c). In Fig. 3(d), these 
loads and their respective locations, to- 
gether with the reactions, which are 
found in the usual way, are shown. 

The deflection at 2 will then be: 


60,700 X 6.67 
уо = —— ———— — — = 0.0135 in. 
30,000,000 


At 3, the deflection is found to be: 


60,700 x 13.70— 22,360 x 7.03 
= — 0.0225 in. 
30,000,000 





The deflection for the other points 
are found in a similar manner. 


Point Load y Wy Wy 
2 1,600 0.0135 21.60 0.2916 
1,120 0.0225 25.20 0.5610 
1,440 0.0259 31.30 0.9660 
1.680 0.0255 12.84 1.0924 
1,000 0.0205 20.50 0.4203 
1,800 0.0125 22.50 0.2812 


169.94 


“Due we 


3.6185 
Applying Equation (1) 
f a 386X 169.94 
2r 3.6185 





= 21.43 cycles/sec. 


The critical r.p.m. is found to be, 
(r.p.m.)er = 60 X 21.43 = 1,286 r.p.m. 


A slight improvement in this result 
can be obtained by considering each of 
the foregoing loads as located at the 
center of its interval. Corresponding 
value of y is found by interpolation of 
the values above. The actual bending 
moment diagram as produced by the 
given loading should always be drawn 
for such problems. Inspection will 
then usually serve to determine whether 
the diagram given by the rearranged 
loading is sufficiently close to the true 
value to yield accurate results. 
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FATIGUE STRENGTH-III 


Of Members as Influenced by Surface Conditions 


O. J. HORGER, Director, Railway Engineering and Research 


NVESTIGATIONS covering the in- 
fluence on fatigue endurance of 
operations such as burnishing, roll- 

ing and press-fitting, and also the effects 
of surface conditions on fatigue of mem- 
bers under torsional loading were de- 
scribed in Part II, which appeared in 
the December 1940 number of Propuct 
ENGINEERING. This concluding install- 
ment will deal with the fatigue strength 
of low temperature quenching and sur- 
face treatments. 

Forging operations under some condi- 
tions may produce directional properties 
because of grain flow. Static ultimate 
and yield strength properties show little 
or no difference from specimens se- 
lected with or against grain flow. Duc- 
tility and impact properties, however, of 
transverse specimens are lower than for 
those selected parallel to the grain flow. 
Investigators have reported in some in- 
stances large variations and in others 
little change in fatigue strength for 
specimens taken along and across the 
grain flow. 

Aitchison and Johnson when investi- 
gating the directional properties of vari- 
ous steel forgings (See “The Effect of 
Grain Upon the Fatigue Strength of 
Steels,” Journal of the Iron and Steel In- 
stitute, Vol. CXI, No. 1, 1925, p. 351- 
378) found that the fatigue strength of 
specimens selected parallel and across 
the grain flow showed a maximum differ- 
ence in some instances of not quite 20 
per cent. Also Hauttman when testing 
selected specimens parallel and across 


the grain from crank sections of large 
marine engine crankshafts (See “The 
Relation of Laboratory Research to En- 
gine Design,” Trans. N. E. Coast Insti- 
tute of Engineers and Shipbuilders, 
January 1936) found the fatigue 
strength of specimens across the grain 
to be 25 per cent less than that parallel 
with the grain. H. Wiegand (See “The 
Internal Effect of Notches and Fatigue 
Strength." Metallwirtschaft, Vol. 18, 
Jan. 27, 1939, p. 83-85) investigated 
quenched and tempered steel forgings 
(0.30 per cent C; 2.0 per cent Cr.; 1.5 
per cent Ni.) from two different sources 
of supply. Table IV shows results of the 
investigation. 

Fatigue failures have been reported 
in railroad axles and forgings, in which 
were found outcroppings of flow lines to 
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the surface. Forgings sometimes in- 
clude laps, or hammered-in scale, or are 
marked in upsetting, all of which are 
points of weakness under variable 
stresses. In Fig. 15 is shown a fatigue 
failure that developed at the end of an 
upset mark forming a small shoulder. 
Failures did not occur in similar mem- 
bers not containing this condition al- 
though no machining was done. 

Forgings which are not machined ex- 
hibit a lower fatigue strength as com- 
pared with forgings having machined 
surfaces. Fig. 16 shows diagrammati- 
cally the results of fatigue studies on 
various steels as made by G. A. Hankins 
and M. L. Becker (See “The Fatigue 
Resistance of Unmachined Forged 
Steels,” Journal Iron and Steel Institute, 
Sept. 1932). Note that the effect of the 
forging skin becomes. greater with in- 
crease in tensile strength. Also there is 
considerable discrepancy in some in- 
stances between the values for the same 
material obtained from the two manu- 
facturers. 

Structural conditions are sometimes 
found similar to those indicated in Fig. 
17( A4) which shows the macroetch of a 
transverse section of a failed 75-in. 
dia. machined forging of S.A.E. 1045 
steel. Plane of the fatigue fracture is 
given in Fig. 17(B) with the ingot pat- 
tern from (A) superimposed and prop- 
erly oriented as indicated by the broken 
line. Fatigue failure developed in the 
region of the corner of the pattern. It 
is not known what weakening effect, if 


any, such conditions have on the fatigue 
strength but it has been observed that 
some fatigue failures definitely initiate 
from the region of the corner of the 
pattern. Patterns such as the one shown 
which lie in the boundary regions of 
the forging are generally only found in 
steel taken from the lower portion of 


ingots. 
Low Temperature Quenching 


Fatigue properties of materials which 
have been subjected to conventional 
heat-treatments are common knowledge, 
however, little practical use has been 
made of the beneficial results obtained 
by low temperature quenching. Several 
foreign investigations have been made 
where quenching was done at tempera- 


tures generally used for tempering. 
Tensile test values are changed little 
by this treatment from the values ob- 
tained by the ordinary treatment used 
to obtain similar static properties but 
the fatigue limit may be considerably 
increased. This increase in fatigue re- 
sistance is explained by the presence of 
residual compressive stresses developed 
in the surface by such low temperature 
quenching. It has been well established 
that such initial surface compressive 
stresses increase the fatigue strength 
and that tensile stresses cause a reduc- 
tion in fatigue strength. In view of the 
importance of low temperature quench- 
ing some pertinent results are of practi- 
cal importance. 

Comprehensive investigation of 
quenching below the lower critical tem- 
perature was initiated by H. Biihler and 
H. Buchholtz in which they correlated 
the fatigue properties with the magni- 
tude of the residual stresses present as 
well as with the usual tensile test values 
(see “Effect of Residual Stresses on the 
Bending Fatigue Strength,” Stahl und 
Eisen, Vol. 53, 1933, p. 1,330). Their 


conclusions are shown diagrammatically 





Fig. 15—Large shaft with fatigue failure 
originating at upset mark 
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Manufacturer 
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Ultimate strength, Ib. per sq.in. -- 60,000 
Fatigue strength, machined 
and polished, Ib. per sq. in. ..... ...28,400 
Fatigue strength, as forged 
surface, Ib. per sq. in 24,200 


.....-.-0.10 per cent С 
66,000 


29,400 
23,400 


| 


o/ished 
--Fatigue strength as forged 


bI -Fafique 'strength p 


B А 


040 per cent C 
90,000 84,000 


45,200 


118,000 


42,000 65,000 


33,000 25,400 30,000 





30 per cent Ni 


104,000 132,000 120,000 


55,800 63,000 62,000 


31,600 36,000 28,800 


Fig. 16—Effects of machined and as-forged surfaces on endurance fatigue strength of steel, investigated by Hankins and Becker 


in Fig. 18 where increases of as much 
as 20 per cent are indicated. 

Bending fatigue tests on rolled flat 
plates used for spring leaves, 18x14 
x?& in. of chromium-vanadium and 
low chromium steels, have been made 
by M. L. Becker and C. E. Phillips 
(See "Internal Stresses and Their Ef. 
fect on the Fatigue Resistance of 
Spring Steels,” Journal of Iron and 
Steel Institute, Vol. 133, Number 1, 
1936). Their results for unmachined 





plates showed that the range of allow- 
able fatigue stress was increased by as 
much as 36 per cent by quenching in 
water from a suitable tempering tem- 
perature instead of employing the usual 
oil quench and temper. 

Tangible evidence of the practical 
application of Becker and Phillips’ 
laboratory tests is submitted by one 
firm. They state that carbon manganese 
shafts, which were being given a final 
heating at 1,110 deg. F. and cooled in 


Fatigue fracture 

initiated in region 
of this corner 
of pattern 


Table IV — Bending Endur- 
ance Limit of Steel Forgings 





SPECIMEN LB. PER SQ. IN. 
LOCATION - 
Source B . 





Source A 
Parallel | 
grain flow | 53,000 60,000 
Transverse | 
to grain flow 50,000 44,000 










Fig. 17—-Correlation of structural pattern with source of fatigue failure. Holes were drilled and V-shaped piece cut out after 


failure. 
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(A) Macroetch showing structural pattern. 


(B) Pattern from (A) superimposed on fatigue fracture 
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Fig. 18—Effect of low temperature quench on fatigue strength from investigations of Bühler and Buchholtz 


air, were developing fatigue failures. 
These shafts when water quenched 
from 1.110 deg. F. gave no trouble. 


Surface Treatments 


Case carburizing and nitriding lead 
to large increases in fatigue strength. 
the advantages of such treatments are 
well known. Maximum fatigue strength 
is not obtained with such hard surfaces, 
however. under conditions of friction 
and accompanying temperatures. Ап 
example of this is indicated in Fig. 19 
which shows a fatigue failure of a case 
carburized member subjected to alter- 
nate bending stresses. The stresses 
alone were not large enough to cause 
failure but in this instance a frictional 
load was transmitted by a bronze ring 
operating intermittently on the member, 
fatigue failure initiated immediately 
under the ring. Also applications of 
chrome and nickel platings to highly 
stressed members are not usually re- 
commended. 

Induction and flame hardening meth- 
ods are meeting with very wide use, 
principally because of the ability to in- 
crease wear resistance in local regions. 
In addition, these methods also offer 
great increases in fatigue strength al- 
though too little advantage is taken of 
this in practice. Flame hardened fillets 
showed 80 per cent increase in endur. 
ance fatigue limit. Shafts having press- 
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fitted wheels gave over 200 per cent in- 
crease as indicated in Table III ( p. 564. 
Dec. 1940 P.E.). Fatigue tests on 
flame hardened 7Y!5-in. members indi- 
cate that appreciably increased strength 
may be expected. 

Metal spraying of shafts has been in- 
vestigated to determine its influence on 
the fatigue strength. Because it is often 
necessary to build up worn shafts, ro- 
tating bending fatigue tests were made 
on 1?j-in.dia. shafts of 0.35 per cent 
carbon steel which were metal sprayed 
with a !s-in. thick layer. These built-up 


shafts being 2 in. in dia. showed practi- 
cally the same endurance fatigue limit 
as 2 in. shafts not metal sprayed. Also 
in press-fitted members, the fit is often 
lost at times of disassembly so that it 
would be convenient to restore the fit 
by building up the axle. For this reason, 
fatigue tests were made on 2 in. axles 
which were metal sprayed in the fitted 
portion and wheels pressed-on. Results, 
as indicated in Table III (p. 564, Dec. 
1940 P.E.), showed that the metal- 
sprayed shaft had 62 per cent greater 
fatigue than the axles not sprayed. 





Fig. 19—Bending fatigue failure of case carburized member which initiated in region 


of applied frictional forces 
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CAUSES AND CURES 


Propuct ENGINEERING will pay $3 for each example published in Causes and Cures. 
Where illustrations are necessary, include drawings, rough sketches or photographs 





Engine flyheel 


Hub of generator rotor 


m 


i-Fatigue crack 


‘Roller bearing 


A 


In close-coupling a generator to 
a diesel engine, the arrangement shown 
schematically in diagram A was de- 
signed to absorb torsional vibration of 
the engine. Although the flexibility of 
the long shaft absorbed considerable vi- 





a 


Magnified View of Stamped Numeral 


Numerals stamped in a high-stress 
section of this forged machine part 
caused this fatigue failure. Cracks 
started in the curved portion of the 
numeral 5, as shown. Note that this 
curve of the numeral, and similarly for 
the numeral 6, is stamped deeper than 
the rest of the numerals, probably be- 
cause the stamp was tipped when struck 
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Outboard 
bearing 


Engine. 
crankshatt 





bration, fatigue cracks started at the 
foot of the fillet near the end of the 
shaft, as shown and resulted in failure 
of the shaft. Cure was the substitution 
of the coupling shown in B. Torsional 
flexibility is provided by the steel disks. 






Fatigue 
Cracks |. 
started in 
numeral 

here 


with the hammer. Although polished 
forged steel may show a fatigue resist- 
ance value of 41,000 lb. per sq.in., a 
study of failures such as this shows that 
the presence of tool marks or scratches 
may reduce this value to as low as 19.- 
000 Ib. per sq.in. Recurrence of this 
failure was prevented by substituting 
another method of marking. 


Steel bolt 


"Aluminum 


МУМУ 


gg NNNN Y 
2 


tL, 


444044 


Bolt made of alley with 


‘high coefficientof expansion 


NNNNNSN 
AWNAN ANS 


7 
277772777 





Aluminum parts bolted to steel parts 
may create considerable difficulties be- 
cause of the high coefficient of expan- 
sion of aluminum. For example, steel 
bolts or studs through aluminum engine 
parts are likely to be overstressed when 
the engine runs hot. To overcome this 
difficulty, the English have developed a 
steel alloy for bolts, known as N.M.C., 
that has a high coefficient of expansion. 
Another method is to use an extra long 
steel bolt and place a thick washer of 
low-expansion Invar under the head. 


DIFFICULTY IN WELDING machine bases 
was encountered because of distortion. 
It was found that this could be reduced 
by flame-cutting openings and lighten- 
ing holes in certain parts of the plate 
after the base had been fabricated by 
welding. Another solution was to weld 
in tubular braces which were not re- 
moved until after the welded structure 
had been stress-relieved. 


ALLOY STEEL PLATES often crack in 
forming and shearing, and distort when 
welded or flame-cut. This trouble is 
usually caused by internal stresses set 
up in the rolling operation. Cure is to 
work the plates in normalized condition, 
achieved after rolling by heating them 
to 1,600-1,800 deg. F. and cooling in 
air. 
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PERMANENT MAGNETS IN i 


Permanent magnets cast or sintered 
from high-coercive aluminum-nickel al- 
loys often are the simplest and most 
effective means for performing mechani- 
cal operations. These illustrations show 
how they can be designed to replace 
springs, clamps, over-center mechan- 
isms, to transmit motion, and to 
translate speed into torque. Several 
unique methods of mounting these 
hard-to-machine magnets are shown in 
addition to the common methods of 
welding. brazing, soldering, inserting 
in die-castings, and fastening by rivets. 
screws, through-bolts and clamps. See 
also “Permanent Magnets in Electrical 
Applications,” Propuct ENGINEERING 
for December, 1940. 


Fig. 1—Theft-proof electric light 
socket, of which mechanical principles 
only are shown, uses permanent magnet 
“key” which is cast in two halves pinned 
and magnetized so that one claw is north 
pole, the other south pole. 


Fig. 2—A small cast permanent magnet 
placed in the cover of the die-cast race- 
way of this conduit system permits 
quick and easy location of outlet many 
years later. A compass-type finder does 
the trick. 


Fig. 3—Magnets of aluminum-nickel 
alloy perform holding operation in this 
snap-action limit switch of General 
Electric Company. As operating dog 
shifts, spring tension builds up tending 
to shift yoke assembly which is held sta- 
tionary by the magnet. When operating 
dog approaches end of travel, direct 
mechanical contact breaks yoke away 
from holding magnet. Spring then 
snaps yoke to opposite side. 


Fig. 4—Unique application of small 
permanent magnets is in plastic letters 
of “Quixet” movie titler of Hamilton 
Dwight Company. Magnets hold letters 
in place on steel title sheet. 


Fig. 5—Beauty shops find a use for per- 
manent magnets in attractive hairpin 
pullers such as shown here. Magnet is 
inserted into hot Catalin case; shrinkage 
of plastic on cooling grips unit firmly. 


Fig. 6—Two aluminum-nickel cast mag- 
nets are used in this Frantz FerroFilter 
for removing iron particles from lubri- 
cating systems. A soft lead core is cast 
in one magnet over which is flared a 
brass tube, and the other magnet is fast- 
ened by pressing on a brass band. 
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AL APPLICATIONS 


Fig. 7—Sintered magnet in the float of 
this Kollsman direction indicator trans- 
mits its rotary motion to the cobalt-steel 
follower magnet located on the other 
side of the aluminum wall of the float 
case, and thence through bevel gears to 
the dial pointer shaft. Magnetic coup- 
lings of this type are often used to trans- 
mit motion through solid partitions. 


Fig. 8—Magnet cast of aluminum- 
nickel alloy in this Schaub Magnetrol 
operates mercury switch to control 
boiler water level. For applications 
where the float is free to slide up and 
down the rod between limits, a magnetic 
clutch (not shown) holds rod and cylin- 
der in the up position until the float 
reaches lower limit stop. 


Fig. 9—Magnetic switch on General 
Electric glass coffee maker automatic- 
ally shuts off heating element when 
upper bowl fills. With current “on” 
magnet is held up by a steel keeper 
mounted at the end of a rod in upper 
bowl stem. When the last cup or so of 
water rises through the stem, turbulence 
against a disk on upper end of keeper 
rod lifts keeper from bottom of bowl, 
releasing magnet which opens contacts. 


Fig. 10—Brown & Sharpe magnetic 
chucks illustrate design of shunts to 
turn permanent magnet holding devices 
on and off. Chuck consists of a pack 
of rectangular-shaped aluminum-nickel 
magnets and soft steel conductor bars 
separated by non-magnetic spacers. 
Pack slides between face plate and bot- 
tom plate by means of crank and eccen- 
tric. Positions of pack when “on” and 
"off" and paths of magnetic flux are 
shown in the diagram. All joints be- 
tween component parts are ground to 
close fits to reduce reluctance. 


Fig. 1l—Plugging relay of General 
Electric Company is operated by eddy 
currents set up in aluminum cup by 
rotor of aluminum-nickel magnet alloy. 
Magnetic reaction produced turns the 
cup through its limited rotation, clos- 
ing contacts against spring action. As 
rotor slows down, a definite point is 
reached where spring force overcomes 
magnetic force, at which point the con- 
tacts trip open. 


Fig. 12—Magnetic dial indicator base 
can be turned on and off by 90-deg. 
rotation of hand knob on end of cylin- 
drical magnet. Principle of operation 
is similar to Fig. 10. 
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STEEL TUBE FUSELAGES-IV 


FTER completing the basic tube 
structure design and deciding 
upon the exact nature and loca- 

tion of the major fittings required for 
engine, wing and empennage attach- 
ments, the sole remaining problem is the 
determination of detail fitting design. 
Detail fittings can be grouped into the 
following classifications: (1) instru- 
ment panel, (2) air controls, (3) engine 


Designs of Fittings 


JAMES E. THOMPSON and T. A. LOWE 


Vultee Aircraft, Inc. 


controls, (4) pilot's seat, (5) communi- 
cation and electrical equipment, (6) 
armament, (7) furnishings. 

Two simple factors govern the basic 
design of all detail fittings, namely, 
welding accessibility and balanced 
joints. The wall thicknesses and sheet 
gages of the major fittings are usually 
large enough to minimize balanced joint 
considerations. But most detail fittings 


are thin sheet metal brackets, clips, or 
lugs welded to comparatively heavy wall 
tubing, or vice versa. To further com- 
plicate their design, the space available 
for many of these detail fittings is 
limited and considerable ingenuity is 
required to develop brackets which 
will permit adequate clearances for 
rapid production with standard welding 
equipment. 





Welding Clearance 


In the design of every welded joint adequate access as 
determined by the size of the welding equipment used, must 
be provided for application of the torch flame or arc elec- 
trode to every point requiring fusion. General dimensions of 
a typical welding torch tip are shown in Fig. 23. Orifice 
diameter A, the length of the neutral cone B, and the length 
C of the gooseneck bend will increase with tip size. For 
working in close quarters, dimension C can be reduced to 
about 9$ in. by cutting off a tip at the bend, telescoping a 
short length of copper tubing into the remaining stub, silver- 
soldering it in place and swaging down the open end to the 
desired orifice. However, such a tip should rarely be consid- 
ered for production. All joints requiring welding in extremely 
limited space should be checked with an experienced welder 
to determine whether joint to be welded is adequately access- 


ible. 


Allow 2 in. min. 
befween end of 
tip and work 


C=/in. min 
А. 


Separable 


Gooseneck Type Tip Type Tip 





A basie consideration in planning 
welding access is that the heavier mem- 
ber of the joint being welded will nearly 
always require the greater heat, and 
hence it will be necessary to bring the 
welding flame more directly against this 
member, rather than against the lighter 
member. Fig. 24 shows examples of 
some of the basic factors governing 
application of the welding torch. A 
study of these will enable one to under- 
stand better why the conditions shown 
in the sketches are “correct” or “incor- 
rect” from a practical production view- 
point. 

The ideal joint from a production 
standpoint is one wherein the cross- 
sectional area in both pieces being 
joined is balanced or equal. It is then 
unnecessary for the welder to exercise 
particular care in the application of the 
flame in order to avoid burning the thin 
section before the thick section has been 
brought to the proper welding tem- 
perature. 


Fig. 24 


Work -- Section 


Forward Welding A-A 


Angle A* will be approximately 60 deg. in most cases, but may vary between 30 deg. 
and 90 deg., depending upon the thickness of the pieces being welded. 


' Direction of weld 


Backseam Welding эим 


Angle 'A* wil! vary between 45 deg. and 90 deg. This type of welding can be depended 
upon to obtain extremely good penetration to the bottom of the Joint “vee? 





28 Propuct ENGINEERING 


Jai 


Balanced Joints 


Sheets are chamfered Weld 
90° if %” or more ر‎ WO... e. 
An ideally balanced joint, both in thickness М 7 nd! max. d'preferable 


pieces of equal cross-sectional area, is TSS: 
shown in Sketch I of Fig. 25. Welding z 


of badly unbalanced joints is possible Р 
but slow; therefore joints should be as SKETCH I س‎ Well Balanced Butt-Joint of 2 Sheets 
well balanced as practicable. 


the unbalanced joint shown in 
In J " Torch is held to direct most 


Sketch II of Fig. 25, greater welding of flame against heavy piece 

time will be required. The torch must fo avoid burning thin sheets. „^ 

be held at a fairly close angle so as to ic ce sra Kod is applied 
apply most heat to the thicker part, and P pif rs anp eepo z 


/ y ۴ _- atford additional 


welding along the edge of the thinner 6 / : "CRM 
sheet will be slow. ez --— burning 
Thin gusset welded normal to a nasi 


heavy base member, Sketch III of Fig. RICE EZ 


25, illustrates a second type of unbal- 
anced joint; the edge of the thin gusset SKETCH It — Unbalanced Butt-Joint 
will heat more rapidly than the flat base 
plate. The thickness X of the base plate 
should never be more than three times 
T. Ideally, T should be slightly greater 
than X. 

Sketch IV of Fig. 25 shows a badly 
unbalanced joint. Depth D should not 2. Х (not more than 3T) 
exceed the gap W if W is less than 34 
in. or if the weld seams are 115 in. or 
more in length. If web T is compara- л 
tively thin in relation to plate thickness SKETCH III — Unbalanced Joint ( T-Joint ) 
X the gap must be large enough to 
permit directing the greater part of the 
welding heat against the heavy plate 
members. 

The general principles of balanced 
joints apply to all gas or arc welded 
sheet-to-sheet, sheet-to-tube, or tube-to- 
tube joints. Arc electrodes can be bent 
through a considerable angle without 
cracking the protective flux coating, in 
order to obtain access for welding in SKETCH IZ — Badly Unbalanced Joint 
limited space. 


Fig. 25 
_--7 Thin gusset 


_- Weld 
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Heavy plate 
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---X ( not more than 3T ) 
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2-7? Overturn. structure _---€ airplane Instrument Panels 


cap and tubes 


„Aft face of rear i Instrument panel assemblies 
r — b. weigh as much as 40 lb. for a military 
POM. For ward panel with all engine and flight instru- 

and riveted (or bolted ) ments, and in size are often equivalent 

— | to a 24-in. square, or even larger. Panels 
must be securely supported in anti- 
vibration mount bushings, usually of the 
rubber “shear” type. 


The conventional instrument panel 


^ 


> Flat steel plates, welded 
to overturn. tube 


sete | mounting is a four-point suspension 
d / with the attachment points near the 
-— t steel - 7 : 

2 н оти Cross tube may be welded to corners. When mounted in a steel tube 
brackets for overturn. tubes at sub-assembly " se te " 
"die elus at which time the instrument panel fuselage the panel base is usually sup 
mount support brackets may be jolted ported by fittings welded to the main 

in their proper relationship. This М Ё i 

relationship is much e fuselage structure, usually to a cross 

— MÀ M tube of that structure, and the upper 
UD- " e 

assemblies such, as the upper portion of the panel is connected to a 

ongerons. The latter practice = sei i b 

would require much care in co- truss frame rising from the main struc 

ordinating the brackets at assem- ture forward of the panel. In two-place 

bly of the side frame and later 3 4 ‘ А 

at final assembly of the basic tandem-cockpit airplanes, it is fre- 


Section A-X structure. 


quently possible to dispense with the 
truss frame for supporting the upper 
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portion of rear cockpit instrument panel, 
and, as shown in Fig. 26, utilize the 
vertical tubes of the overturn structure 
for this purpose. 

Sometimes for small light panels, but 
not for large heavy panels, the panel 
mount bushing upper supports are 
attached to stiffened portions of the 
cockpit enclosure deck structure imme- 
diately forward of the cockpit, and the 
lower supports are attached to trim pan- 
els used to fair the instrument panel 
to the fuselage sides. The deck and 


trim panels are attached to the basic 
fuselage structure by welded lugs. 
Attachment points should be related 
as closely as possible and must be 
planned to avoid complications arising 
from accumulation of manufacturing 
tolerances on the various non-related 
parts to which the panel supports con- 
nect. If one of the attachment fittings 
is a welded sub-assembly, such as a 
tube truss supporting the top of an in- 
strument panel, installation drawing of 
this sub-assembly in the basic structure 


Air Controls 


Basie air controls usually include a control stick or 
column assembly and a pair of rudder pedals in each cockpit, 
attached to cables passing over suitable deflecting pulleys to 
connect with the control surfaces, that is, ailerons, elevators 
and rudder. Tandem-cockpit airplanes provided with air 
controls in both cockpits can use either two identical assem- 
blies, interconnected between the cockpits by cables, as shown 


at Fig. 27, or one unit assembly comprising two stick assem- 


blies joined by an aileron torque tube. The former should 
be planned for installation to the fuselage structure, while 
the latter can frequently be installed to best advantage by 
bolting directly to brackets attached to the main wing beams. 


The suspended stirrup-type rudder pedal is commonly used 


and lends itself to simple installation as shown at Figs. 28 


and 29. A cross tube is welded between suitable fuselage 
side-tubes and located to correctly position the pedals forward 
of the pilot’s seat, each pedal being supported by two pairs 
of lugs welded to the lower side of the cross tube. 


Structure 
*ube...--** 


Note the length welds 
if full contact line weld 
is not necessary 





should be dimensioned to show the posi- 
tions of its attachment lugs or bosses 
with respect to related attachment 
points on the basic structure. 

The dimensional limits for related 
parts of a welded structure should not 
be closer than + 1/32 in., even for parts 
within the same sub-assembly. When 
closer tolerances are required, such as 
center distances between mounting 
holes, allow sufficient stock for shifting 
the hole boss or lug during welding and 
drill the holes after welding. 


Fig. 27 


>> Welded bosses for 

1.“ attachment bolts 
through aileron torque 
tube bearing brackets 


"Cross tubes” Welded boss-~~ Longeron 





_- Cross tube ~. 





CORRECT 


CORRECT Tube, end plate and lugs are welded and drilled as one sub-assembly. The 


dimension A is 


If a series of lugs are to be welded and line arilled it 

is advisable to make R, large enough to allow for weld 
distortion and yet maintain sufficient edge distance 
at hole. In most cases the distortion will not exceed tVi6" 


than B, allowing sufficient length of plate to weld 
to the structure and also sufficient clearance for line-drilling after sub-assembly. 
Dimension D should be at least 6" to alow sealing the cross-tube by 
welding entirely around the tube at its junction wifh end-plate. 


This design can be improved by fitting the cross-tube on the centerline 
of the structure tube, and thus entirely eliminating the end-plate. 


Lug is too narrow here 


Unnecessary meta/ 


will melt, formin 
unsightly welded joint Fig. 28 


INCORRECT 


INCORRECT End-plate interferes with line-drilling of lugs, necessitating that this be done 


Even if the welder avoided burning the narrow 


before plate is welded to tube, and necessitating an additional sub-assembly 
operation and jig. The second sub-assembly operation of welding plate to tube 


strip away, the value of the — A! base can be eliminated only if the dimension C is sufficient to permit using an off- 
ill 


metal will not justify the care and sk 


30 


required. set drill spindle, and this should not be considered for a production design. 
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Rivet (for 
cable guard ) 


CORRECT 


The width W is not important in 
this design as all welding is done on 
the outside surfaces of the plates. 
The length L is also unimportant as 
the rivet is at one side of the bracket 
well away from the weld beads. 


Fig. 30 


Cable-and-pulley type controls 
are used almost exclusively and the 
principal concern of the designer, after 


installing the control mechanism assem- 


blies, is to provide suitable welded de- 
flecting pulley assemblies within the 
fuselage tube structure for routing the 
cables to connect between control mech- 


anisms and control surfaces. In Figs. 


30 and 31 are shown examples of typi- 


cal single and multiple pulley brackets. 
Pulley brackets must be designed so 
that there will be minimum distortion 
during welding. As the maximum per- 


missible lead-off angle of a cable with 
reference to its pulley is 1 to 14% deg., 


INCORRECT 


The width W is entirely to narrow for 
weld access, and at the best it would 
only be possible fo weld one plate on both 
sides, and then weld the second plate on 
the outside. The length L is too short, 
causing interference between rivet 
and weld bead. 


This design will weigh less, and requires 
only about half the amount of welding. 
The fabrication of the plate can be 
further simplified in the case of lightly 
stressed pulleys by spotwelding 
washers on the underside of the plate 
to provide adequate bearing area for 


Side 
evation 


INCORRECT 


The plates used for this pulley bracket 
require two blanking and one forming 
die for fabrication, and the actual 
welding is complicated by the gap С 
being too narrow for easy welding, as 
it necessitates a weld overlap at the 
upper plate. 


cantilever axle bolts. This eliminates 


the bent-up tabs,and rivetsand =; 
Spacers are used to form cable guard pins. 


the design must be such that tooling 
can be made to positively locate the 
bracket in all three dimensions. 


Another pulley bracket design con- 


sideration is the necessity of providing 
some type of cable guard to prevent the 
cable falling free of the pulley if it 
should become slack. In the designs 
shown here a rivet and rivet-spacer 


passing between the two plates of the 


pulley bracket serve as a guard. This 
guard should be located close to the 
pulley, and at the center of the cable 
arc in cases where this angle is small. 


In pulleys having a fairly large cable 
arc of contact between cable and 


„^^ Upper longeron — left side 


Formed sneet stee/ 
channe/ bracket — 


corners cut and 3 
bottom bent u, - 
to clear quadrant v P is -Control quadrant 


control knobs 


Side Elev. 
( Looking inboard ) 


- 


^ zz» Push rod 
° actuating arms 


SKETCH I. Bracket for positioning control unit 
outboard of longeron 





SKETCH I. Bracket for positioning 
under upper longerons 


Obviously this bracket could not be used for the location shown in SKETCH I, 
since the scarf cut would run off the plate and would also require an extra 


long weld at the plate. 


Conversely, the bracket shown at SKETCH I would probably need to be boxed 
in with a cover plate to develop sufficient torsional rigidity for locating the 


unit beneath the longeron. 
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Fig. 31 





pulley, use two guard pins, one where 
cable enters and another where cable 
leaves the pulley. 


Practically every airplane is also 


equipped with certain auxiliary air con- 
trols for the purpose of trimming the 
airplane during flight—either in the 
form of an adjustable horizontal stabil- 
izer, or as small movable surfaces 


known as tabs located in the trailing 


edges of ailerons, elevators, and/or rud- 
ders. The control systems for these usu- 
ally consist of suitable handwheels in 
the cockpits, connected with cables to 
actuating unit assemblies in or near the 


movable surfaces. 


Engine Controls 


Engines must be provided with at 
least a throttle control, and in the case 


of high-horsepower military engines 
there may be as many as a dozen sepa- 
rate engine controls. Each separate 
engine control requires the installation 
of suitable supports for a bellcrank and 
push-pull rod system. 

The majority of engine installations 
are designed with an engine control 
unit assembly which is placed in the 
pilot’s cockpit. This is an assembly 
mounted on a panel and it includes 
the control levers for the engine throt- 
tle, carburetor mixture, propeller pitch, 
and sometimes a supercharger speed 
control. This unit is mounted to the 
left of the pilot, in a convenient posi- 
tion, and, as shown at Fig. 32, is usu- 
ally bolted to a bracket welded to the 
upper left-side longeron. 


(Continued on next page) 
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_----Structure 
г tube 


Fig. 33 
CORRECT 


age may be straight-sheared and brake formed. 
Tube cuts are simple and easy to set-up. Welding 
operation is faster and more simple. 


Wall thicknesses 


Я Counter drill 
approximately 


extends past 


end of tube to weld thick rod end 


ZZ 


E‏ حف 
-FK‏ 


MÁS 


n 


Threaded 
rod end-* 


INCORRECT 


Rod end walls are too thick, and 
counterdrill is not of sufficlent 


7 
Tube -* 


CORRECT 


This type provides a more near! 
balanced joint and heats quickly. 


Tube ends tend to burn away 
due to excessive heat required 


Elevation Looking Forward 


INCORRECT 


This bracket is made from two pieces of sheet steel, one of which 
requires a blanking die and forming dies. Excessive weld time 
is required in joining the two parts at sub-assembly. 


| | | —— 
-e-C 
t- E | 
Гэ I-A " A sb “== Sleeve 


INCORRECT 


Insufficient stock is allowed at A 
and corners may burn away during 
welding. — at B is unde- 
sirable as too much of the weld bead 


CORRECT 


C dimension is sufficient 
to permit welding, if 
desired, although but a 
single weld is shown. 


The weld diameter may be held to 
approximately flush with the tube 
diameter. This is nec when 
used through one piece fair 


ls. The 


shoulder has a slope fo paralle/ the 


counterdrill angle and neutralize 


depth. This joint would be 
easier to weld with the rod end 
telescoped to within about 1/16" 
or Ye" of the shoulder, but the 
weld puddle would spill over and 
interfere with the check nut that 


A dimension must be 
Yi6* minimum to pre- 
vent corners burning 
away during welding. 


will be removed. Cannot be welded 
without machining, as C does not 
allow for normal weld fillet of 3/16" 
Welding on both sides of an arm 
such as this is not incorrect if stress 





the effect of weld spill. 
Fig. 34 


Bell crank -----? JT 


/s used with rod ends. 
Fig. 35 


Side Elevation 





" "Round stee/ tubes 
2 mill cuts 


Longeron ~_ 
7 а ч 


requirements necessitate sucha 
design. In most cases, however, 
a single welded side will afford 
sufficient strength. 


Side Elevation 


Blanked 
and formed 
channe/ 





Front View 


CORRECT 


Miscellaneous engine controls, 
such as for carburetor, air temperature, 
etc., are usually individual lever assem- 
blies and, as shown in Fig. 33, can be 
attached to small brackets welded to 
the fuselage tube structure. 

Typical examples of push-pull rods 
and bellcranks are shown in Figs. 34, 
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Front View 
Leave area free of weld 
on both sides for drainage 


35 and 36. Push-pull rods are frequent- 
ly made by welding threaded ends to a 
suitable length tubing, as shown at Fig. 
34; using steel tubes for heavy loads, 
or by riveting the rod-ends to aluminum 
tubes for lightly loaded controls. Usu- 
ally a ball bearing rod-end is screwed 
to each end of the rod and is pinned 


INCORRECT 


More weight due to extreme amount of weld necessary 





to lever or bellcrank with an axle bolt. 
Welded bellcranks, for light loads 
only, have sleeve bearings, as in Fig. 
35, and are used in pairs as shown in 
Fig. 36. Bellcranks for heavy loads 
are made of sheet metal and have ball 
or roller bearings. 
(Part V will appear in February P.E.) 
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SYNTHETIC RUBBER 


BECAUSE of its resistance to oils and 
its resistance to oxidation and aging 
effects, synthetic rubber is being 
widely adopted in the automotive in- 
dustry, particularly for gaskets and 
for dust and oil seals. In some cars 


and 3. Rear main bearing seals (N) 
and 8. Chain case cover seals (N) 
. Exhaust pipe bracket grommet (N) 
. Ignition coil nipple (N) 

. Steering gear tube oil seal (N) 


л +» ә س‎ 


© 


7. Crankshaft rear bearing cap gas- 
kets (N) 

9 and 11. Spline shaft seal (propeller 
shaft) (B) 

10. Propeller shaft boot (N) 

12. Remote control gearshift bushing 
assembly (N) 

*13. Underdrive transmisison vacuum 
cylinder diaphragm (C) 

14. Transmission extension  capscrew 
gasket (N) 

*15. Underdrive transmission vacuum 


cylinder valve washers (N) 

16. Transmission drive shaft retainer 
gasket (N) 

17. Shock absorber—seal gasket (NC) 

18 and 19. Shock absorber—seal pack- 
ing (N) 

20. Engine to oil gage hose (N) 

21. Gas line hose assembly (T) 

22. Shock absorber piston guide reser- 
voir gasket (N) 

23. Shock absorber—upper gasket (N) 

24 and 25. Fuel line hose assembly (T) 

26. Fuel tank filler vent hose (T) 
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synthetic rubber hose in place of metal 
tubing is used in the fuel pump sup- 
ply lines to deaden fuel pump noises. 
Below is a listing of some of the syn- 
thetic rubber parts used in cars built 
by Chrysler Corporation. In each appli- 


N = Neoprene 


B = Buna 
C = Chemigum 
T = Thiokol 


LN = Ligno-Neoprene 
NC = Neoprene-dipped cork 
TP = Thiokol-coated paper 





27. Fuel tank vent alarm hose (T) 
28. Front wheel upper control arm dust 
seal (N) 
. U-shackle seals (N) 
. Front wheel lower control arm bar 
bushing dust seal (N) 
31. Front wheel upper control arm pivot 
bar dust seal (N) 
32 and 33. Front wheel lower control 
arm pin dust seal (N) 
34 and 36. Fuel tank filler tube hose 
(T) 
35. Water pump by-pass elbow (N) 
37. Fuel filter to injector hose assem- 
bly (N) 
38 and 40. Radiator pressure cap gas- 
kets (C) 
39. Thermostat gasket (C) 
*41. Oil pump cover gasket (LN) 


cation the type of synthetic rubber, 
Buna, Thiokol, Chemigum, or Neo- 
prene, is chosen on the basis of specific 
physical and chemical requirements 
that must be met. Items marked (*) 
are coated or dipped. 


42. Axle drive pinion carrier gaskets 
(LN) 
*43. Oil pan end gasket (NC) 


*44. Valve spring cover screw gasket 
(TP) 

*45. Valve spring cover stud nut gasket 
(TP) 


*46. Gasoline pump gasket (TP) 


47. Underdrive transmission vacuum 
cylinder body gasket (TP) 
48. Underdrive transmission vacuum 


cylinder solenoid gasket (TP) 

*49. Fuel pump flange gasket (TP) 

50. Fuel gage tank mounting gasket 
(TP) 

*51. Chain case assembly oil seal gasket 
(TP) 

*52. Transmission extension gasket (TP) 

*53. Overdrive housing adapter gasket 
(TP) 

54. Manual remote 
gasket (LN) 

*55. Chain case cover gaskets (TP) 

*56. Crankshaft rear bearing oil seal 
gasket (TP) 

57. Valve spring cover gaskets (LN) 

*58. Oil pump body gasket (TP) 

*59. Gear case cover gasket (TP) 

*60. Oil pump cover gasket (TP) 

*61. Chain case cover plate gasket (TP) 


gearshift’ housing 
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Question and Comment. 





The Patent Marking of Products 


HENRY CAVE 
Consulting Engineer, Fuller Brush Company 


In order to clarify the relative values 
of marking or not marking articles 
“Patent Applied For” or, when the pat- 
ent is issued, with the patent number, 
I wish to present the legal phase of 
the matter to those concerned. This 
question of marking or not marking 
may be a serious consideration from 
the standpoint of tool and production 
factors, particularly when equipment 
such as molding dies is already in use. 

There is no legal requirement what- 
ever for such marking. In the case 
of the patent number, if such legal 
value as exists is to be obtained, the 
patent number should be put on so 
that it is clear and as reasonably vis- 
ible as the maker’s name. 

The legal advantage is that dam- 
ages cannot be collected by the patent 
owner if it is possible for the infringer 
to show to the court samples purchased 
on the open market without such mark- 
ing. Of course, such an unmarked 
sample might have been produced prior 
to the issuance of the patent. The 
burden of proof would then be on the 
owner of the patent to prove that un- 
marked samples had not been dis- 
tributed after the patent was issued 
with, of course, a reasonable period for 
providing means for marking the arti- 
cles. The date of notification to defend- 
ant of the infringement would, there- 
fore, become the earliest date from 
which damages could be collected. The 
decision of the court would merely 
constitute a cease and desist (from in- 
fringement) order. 

The marking can be stamped on the 
finished article as a separate operation 
if this is found desirable, instead of 
being incorporated in the regular man- 
ufacturing operation. A small adhesive 
ticket could be applied giving this in- 
formation, but it is improbable that 
this would be recognized by the court 
as allowing the collection of damages. 
Apart from damage collection, the pat- 
ent marking is a friendly warning 
which may save trouble and expense 
to contemplated infringers both inten- 
tional and otherwise, and this could 
also be carried out to some extent by 
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marking the patent number on all 
printed matter that would be issued 
relating to the article. 

"Patent Applied For" is not re- 
quired by the Patent Office and does not 
have any legal status. It is also merely 
a friendly warning to save everyone 
trouble either by being infringed or 
being penalized for infringement. As 
the Patent Office does not issue any 
information on what applications are 
filed in the office, unless they happen 
to come into interference, there can 
be no penalty for putting "Patent Ap- 
plied For" without the actual applica- 
tion. It is, however, morally a mis- 
representation. Legally, there does not 
seem to be any distinction between 
“Patent Applied For" and “Patent 
Pending" or its abbreviation “Pat. 
Pend.”, although on analysis the latter 
statement might be construed to have 
more positive grounds than the former, 
such as office action on some claims, 
indicating that the patent would ulti- 
mately issue. 


Pesqueira Supported on 
“Location of Jam Nuts" 


To the Editor: 


In your November 1940 number, un- 
der “Question and Comment,” discus- 
sion is requested on the subject of “Lo- 
cation of Jam Nuts,” presented by J. J. 
Pesqueira. In dealing with this subject 
there are two fundamental facts which 
should be kept in mind. 

First, all bodies are elastic. That is, 
they deform on the application of an 
external force and, within their elastic 
limit, resume their former shape upon 
removal of the force. This is just as 
true of a block of cast iron as of a 
rubber band; it is only a matter of 
degree. 

Second, all motion is relative, not 
absolute. We are here interested in pre- 
venting relative rotative motion between 
male and female threads. 

Let us first consider two thick plates 
bolted together, and for the purpose of 
a theoretical analysis of their elastic 





effect, we may consider, as shown in 
Fig. 1, each plate as equivalent to two 
thin plates separated by springs. When 
the belt is tightened, the springs com- 
press and exert a force opposite to that 
applied. If the system were absolutely 
frictionless this force would cause ro- 
tative motion between the bolt and the 
nut and the bolt would unscrew. But 
the system is not frictionless and it is 
upon friction that we rely to hold the 
parts together. We will assume, how- 
ever, that the nut is an easy running 
fit on the bolt and will ignore any fric- 
tion caused by tightness. 

The problem of relative motion will 
not be affected if we assume that either 
the bolt or the nut is fixed in space. 
For the sake of simplicity, we will as- 
sume that the bolt (together with the 
plates) is fixed. We then observe that 
the only thing available to prevent the 
nut from turning is the friction gener- 
ated by the spring pressure between 
the underside of the nut and the plate, 
and between the male and female 
thread surfaces, marked "compression 
contact" in Fig. 1. The angle of the 
thread being less than the angle of 
repose, the system is in balance and the 
nut cannot turn, except under the influ- 
ence of an external force. 

Now, what kind of external force 
would be likely to loosen the nut? In 
all probability it will be vibration or 
shock transmitted through the plate. If 
this produces a continuous hammer blow 
on the underside of the nut, it might 
eventually produce a minute elongation 
of the bolt sufficient to release the pres- 
sure on the compression contacts. It is 
conceivable that under intermittent im- 
pact the friction might be momentarily 
so reduced that sliding would occur be- 
tween the inclined planes of the male 
and female threads, allowing rotary mo- 
tion. The question then is, what can we 
do to prevent this? 

If we place a second nut, as shown in 
Fig. 2, screwing the first down tight 
and the second on the top of it, we shall 
probably get a better condition in prac- 
tice owing to increased contact area, 
although the unit pressure would be re- 
duced. In this case, it would appear 
that the inner nut would be right on the 
firing line and would be the first to take 
the shock. However, if vibration should 
cause either a permanent or instantane- 
ous elongation of the bolt, the nuts 
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would still be jammed together and 
would react upon each other tending to 
maintain compression contact on the 
threads of both nuts. 

The normal reaction of the com- 
pressed plates tends to break this con- 
tact in the inner nut, but the outer nut 
will still be firmly seated. Even if there 
should be a tendency for the first nut 
to turn, this could only occur at some 
instant when the nut is free and when 
the turning action would not be trans- 
ferred to the outer nut. 

It would appear that in this case, the 
outer nut is really the important one, 
though safe practice would indicate 
that each nut should be adequate to 
take the entire load. So, unless it is 
absolutely necessary, why make one nut 
thinner than the other? If it can’t be 
helped, the outer nut should be the 
thicker one, as Mr. Pesqueira has 
stated. —James O. G. GIBBONS 

Bloomfield, N. J. 


To the Editor: 


My answer to your request for re- 
plies to J. J. Pesqueira’s article is that 
he is correct in every particular. His 
fourth paragraph might be slightly 
amended by stating that the jam nut 
will carry the live load plus the load 
caused by the jam nut. 

— FREDERICK FRANZ 
New Haven, Conn. 


Belt Tension Problem 
Assumes No Elasticity 
To the Editor: 


In the December number of PRODUCT 
ENGINEERING is presented E. W. Evans’ 
solution of the rope tension problem 
offered in a previous issue. I have 
three comments to make on this: 

The conditions prescribed require 
that motion be *imminent" or at a low 
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constant velocity. For these conditions 
as well as for high speed operation, it 
is necessary to assume an inextensible 
belt as a premise to justify the an- 
alysis presented. The solution given, 
is the classical one offered in every 
elementary text in the field of engi- 
neering mechanics. It should be re- 
garded as a first approximation, only. 
Where the modulus of elasticity of the 
belt material is low, the error in as- 
suming the modulus to be infinite be- 
comes prohibitive. If the belt stretches 
appreciably, within what might be 
called an elastic limit, an experimental 
verification of the results offered by 
Mr. Evans would be found impossible. 

For high-speed operation, the theory 
presented takes no account of the effect 


of centrifugal force which always acts 
to reduce the normal pressure between 
belt and pulley. In addition to the 
stretch which operates to alter the 
character of the surface and there- 
fore the coefficient of friction, there 
is also to be reckoned the effect on in- 
timacy of contact brought about by a 
variable air entrainment. This influ- 
ence is quite noticeable at high belt 
speeds. 

Interested readers will find it worth 
while to consult “Belt Drives With 
Cast-Iron Pulleys and Paper Pulleys” 
in A.S.M.E. Transactions of Machine 
Shop Practice, for June 1932. This 
paper, by Norman and Moffat, presents 
experimental results obtained at Ohio 
State University. —Grorce W. CoLton 


W oodbridge, Conn. 


Brush Manufacturer 
Comments on Nylon 


To the Editor: 


It is stated in the article “Nylon Fila- 
ments for Industrial Brushes” (Prop- 
uct ENGINEERING, Dec. 1940, p. 552) 
that stainless steel stem and tie wire 
for bottle brushes with nylon filaments 
has definite advantages over ordinary 
galvanized or brass wire. This state- 
ment, I believe, needs some further 
discussion. 

Galvanized wire is the most generally 
used tie wire, but it does.rust and dis- 
color white nylon filaments. Also, tests 
in glass laboratories have shown that 


Can You Work This One? 


H. E. SMITH 


This month’s problem— 


Brain Testers 


1. Joe is 28 years old. He is twice as 
old as Jim was when he (Joe) was as 
old as Jim is now. How old is Jim? 

2. A small motor weighing 15 lb. con- 
sists of rotor, frame, stator and bearings. 
Combined weight of rotor and frame 
is twice the weight of the frame and 
stator. The weight of the bearings is 
least of all. Assuming no. fractions, 
what is the weight of the stator? 

3. A man 5 ft. 5 in. tall is digging a 
hole. When asked how much deeper he 
is going he replies twice as deep, when 
the top of his head will be twice as far 
below the surface as it is now above the 
surface. How deep will the hole be? 

4. Arrange the ten digits (0-9) to 
form numbers which will add to ex- 
actly 100, using each digit only once. 


Solution to December problem— 


Quickest Way Home 


An engineer, in a rowboat 5 mi. per- 
pendicularly off-shore from a point 20 
mi. from his sea-side cottage, can row 
3 mi. per hr. and can walk 5 mi. per hr. 
By rowing a distance Y diagonal to the 
shore and walking the distance X along 
the shore, he gets home in the quickest 
time, T. From a diagram, 

Y = V (20 — X)? + (5)? 

fare VS =r 

9 3 

Taking the first derivative of T, re- 
ducing and setting it equal to zero to 
obtain a minimum value, 

16Х° — 280 X + 75 = 0 
Solving and substituting, 

X = 17.23 mi., Y = 5.72 mi. 
and the time was 5.34 hr. 
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it takes six times as much pressure to 
scratch glass with brass as it does 
with galvanized wire. For these rea- 
sons, brass is replacing galvanized 
wire. However, black nylon filaments, 
which cannot be discolored by galvan- 
ized wire, will be made available after 
the first of January—a fact which is 
expected to return galvanized wire to 
its popularity. 

In my opinion, stainless steel wire 
has no great advantages in bottle 
brushes. It is harder even than galvan- 
ized wire, and may cause more severe 
scratching of the glass in the bottles. 
True, stainless steel is generally recog- 
nized as a sanitary metal, particularly 
in the food industry, but there is so 
much brass and galvanized iron used 
in equipment in breweries and soft- 
drink plants that engineers in these 
industries have come to accept these 
two cheaper metals as equally sanitary. 

At the end of page 552 it is stated 
that white filaments are used in con- 
trast to colored bottles so that broken- 


Case Histories in Patent 


NO. 20 


Question: When should a search be 
made to find out if an idea is new? 


Answer: A search should be made to 
determine whether an idea is new when 
it is only an idea. The unfortunate 
mistake is usually made that the search 
to determine the novelty of the idea is 
delayed until after the major portion 
of the expense of developing the idea 
has been incurred. While the larger 
research laboratories make careful 
searches in the literature and the patent 
art before proceeding with any develop- 
ment work, yet in many of even the 
progressive organizations a great deal 
of work is done without any apparent 
check to see if the idea is new. This 
should never occur. 

A large proportion of all the ideas of 
even experienced organizations turn out 
to be old. Indeed, such searches of the 
literature and prior patents may dis- 
close practical reasons why a new idea 
is unworkable, which saves a great deal 
of experimental work and research. 

Therefore, the first procedure should 
be to have a skilled searcher, who has 
knowledge of the art, search the Patent 
Office records to determine if this same 
idea has been patented in the United 
States or foreign countries. Coincident 
with that should be a careful search in 
the literature of that trade or art. 
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off bristles can be detected easily. This 
fact, although it sounds logical enough, 
has not been established to a certainty. 
From our present observation, the fact 
that black nylon filaments will soon be 
available may lead to the universal use 
of black filaments in bottle brushes. 
May we state in passing that this is 
one of the fairest and most complete 
articles that we have ever had the 
pleasure of reading on nylon for 
industrial brushes. 
—Harry G. VOLCKENING 
Volckening, Inc. 


[ Editors Note—To replace the contro- 
versial second point in Mr. Volcken- 
ing's discussion, we cite the small hand 
spotting brushes used in dry cleaning. 
These brushes are supplied with fine 
filaments for the delicate fabrics of 
women's clothes, and with coarser fila- 
ments for men's clothes. By coloring 
these white and black, respectively, the 
operator need waste no time selecting 
the proper brush.] 





H. A. TOULMIN, Jr. 


The way to bring these searches to a 
successful conclusion is as follows: 

The Patent Office publishes a com- 
prehensive loose-leaf book giving all the 
classes and sub-classes of patents as 
classified in the Patent Office by the 
classification division. This classification 
is also indexed according to the examin- 
ing divisions. By way of explanation, 
each examining division has charge of 
certain classes. As an illustration, Divi- 
sion 50 has charge of chemistry, carbon 
compounds, coating, liquid coating com- 
positions and plastic compositions, while 
Division 5 handles the classes of acous- 
tics, buckles, buttons, clasps, harvesters, 
music, sound recording and reproducing 
and tying cords or strands. There is a 
further break-down in this interesting 
classification book by which all of the 
classes and sub-classes are alphabetic- 
ally listed. 

In addition to this vast storehouse of 
information about United States Pat- 
ents, the scientific library of the Patent 
Office provides copies of patents as 
issued by the principal governments of 
the world. These patents are indexed 
and classified so that the expert searcher 
is able to find what he desires. One of 
the most important helps will be found 
in the official classifications of such for- 
eign patents as are pertinent which are 
maintained by the examiners in each 
division. This is a good starting point 
for examining the more pertinent art 








Micro-Midget Receivers 
Are Twice Actual Size 
To the Editor: 


The hearing aids illustrated as Fig. 
5a and 5b of your article on “Permanent 
Magnets in Electrical Applications” 
(Propuct ENGINEERING, Dec., 1940, p. 
561). are really not the “giants” as the 
article suggests. Actually they are real 
micro-midgets, not much larger in 
diameter than a 25-cent piece. The 
diagrams printed are really twice actual 
size. 

Although this scaling up was neces- 
sary to bring out the details, it is 
important that engineers appreciate the 
minuteness of these receivers, otherwise 
the significance of the permanent mag- 
net application will be lost. The tiny 
sintered magnets used in these hearing 
aids are probably the smallest ever 
commercially applied. 

—Dr. HERMANN SCHIEBLER 
Sonotone Corporation 


Law 


and this collection of patents will give 
a lead into the proper classes to be 
examined. The Patent Office examiners 
are usually generous in their affording 
facilities to searching attorneys looking 
for anticipations in these prior art col- 
lections, and with few exceptions, afford 
them the facilities of their patent 
collections. 

Another storehouse for valuable in- 
formation is in the scientific library of 
the Patent Office where there are vast 
collections of catalogs, and trade maga- 
zines for both United States and foreign 
countries. These are net only indexed, 
but permission is granted to legitimate 
searchers to go into the vast “stack 
rooms” where the patents can be exam- 
ined*at first hand. In addition to these 
library facilities, the scientific libraries 
of the various departments afford valu- 
able storehouses of information. The 
Bureau of Public Health, the Depart- 
ment of Agriculture, the Navy and War 
Departments, etc., all have collections 
of great value to the searcher. 

In the automobile field, one of the 
greatest collections of prior publica- 
tions, patents and literature is main- 
tained by the National Automobile 
Association in New York. Among noted 
libraries where such searching is done 
is the John Crerar Library in Chicago. 
while some of the most valuable collec- 
tions of specialized character are found 
in the files of the great universities. 
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Protection Against Espionage and Sabotage 


Urged by F.B.I. for Industrial Concerns 


Bureau offers “Suggestions for Protection of Industrial Facilities” to 
executives and cites cases of laxity in design engineering departments 


THE FEDERAL BUREAU OF INVESTIGATION 
is now actively bolstering protection 
facilities of manufacturing establish- 
ments having large contracts to supply 
the government with defense material. 
No small part of this effort is being 
spent in establishing effective protec- 
tion against possibilities of espionage 
and sabotage in design departments. 
For, as has been stated previously in 
these pages, the world at war fears 
the advanced designs now on the draw- 
ing boards of American industries or 
now in the preliminary stages of pro- 
duction. They fear the American sys- 
tem, which they can only match by 
copying. If developments of defense 
products can be kept secret, at least 
until mass production is started, it 
gives the owner of those developments 
a time advantage ranging from several 
months to a year or more over other 
countries. This applies not only to 
major defense weapons but also to 
materials and parts which are made by 
a large portion of American industry. 

Accordingly, the Federal Bureau of 
Investigation directed the following let- 
ter to industrial executives through the 
trade press: 


“In the war-torn world of today 
America must strengthen her internal 
and external fortifications if she is to 
survive the menace of totalitarianism. 
The protection of our industrial facili- 
ties to insure the uninterrupted pro- 
duction of goods and material is essen- 
tial to our national defense. Based 
upon this premise the F.B.I. in Sep- 
tember of 1939, in accordance with the 
request of the War and Navy Depart- 
ments, inaugurated a program to sur- 
vey the protective facilities of manu- 
facturing establishments having large 
contracts to provide the government 
with defense materials. The purpose 
of the surveys is to submit recommen- 
dations to bolster the physical protec- 
tive facilities of the manufacturing 
plants for the prevention of sabotage 
and espionage activities. 

“The first and final responsibility to 
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give speed and strength to our national 
defense program by protection against 
espionage and sabotage lies with indus- 
try itself. Only through the energy 
and alertness of its officials and work- 
ers will the full measure of prepared- 
ness be attained. 

“In line with this plant survey pro- 
gram and to assist industrial concerns 
and municipalities in establishing ef- 
fective protection against possibilities 
of acts of espionage and sabotage the 
F.B.I. prepared a comprehensive book- 
let entitled ‘Suggestions for Protection 
of Industrial Facilities.’ Because of its 
confidential nature this booklet is 
limited in distribution to heads of duly 
constituted law enforcement agencies 
and executive officials of industrial con- 
cerns manufacturing defense materials 
under government contracts. 

“In response to the many questions 
as to how to obtain this publication I 
wish to state that a copy will be fur- 
nished an industrial concern upon the 
written request of an executive official.” 

—J. Epcar Hoover 
Federal Bureau of Investigation 


F.B.I. investigations have brought to 
light many examples of the laxity of 
engineering departments in providing 
adequate protection. For instance, a 
large safe with drawers for storing 
blueprints and development drawings 
was provided by one manufacturer in 
the design department. But the engi- 
neers did not use it. They felt it was 
perfectly safe to leave blueprints lying 
around, even at night. Although the 
personnel of the engineering depart- 
ment were trustworthy without a doubt, 
investigations disclosed that the men 
who entered the office at night to clean 
it up were not employees of the com- 
pany, but were employed by a separate 
contractor cleaner. The manufacturer 
knew nothing of the record of the em- 
ployees of the cleaning contractor, but 
inadvertently gave them convenient 
access to all design and production de- 
tails. This dangerous situation was 
corrected by insisting that all drawings 


and data be locked in the safe when not 
in use. 

In another case, the investigator was 
shown a safety vault located in the 
corner of the design department, which 
was on the first floor. This vault was 
provided with heavy locks, with steel 
flooring, roofing and walls. But, in the 
back of the vault was a window which 
was not even covered with a fly screen. 
Convenience of access through the 
window made the lock on the door 
look ridiculous. It was, the engineer 
explained, “necessary “for light 


> a 
Propéller Vibrations 
Filmed in Test Flights 


VIBRATIONS which occur in a propeller 
under flight conditions are determined 
in tests made at Wright Field by mount- 
ing automatic equipment consisting of 
a number of resistance pick-ups, bat- 
teries, amplifier, oscillograph, and col- 
lector rings, in the plane. Impulses 
recorded on the film in the oscillo- 
graph permit engineers to measure the 
vibration, determine its seriousness, and 
in many cases locate the source from 
the frequency and characteristics of the 
vibration lines on the film. 

As engine power increases, vibratory 
tests become more important. With the 
development of a new experimental en- 
gine, it is necessary to design a pro- 
peller designed to absorb the full power 
of the engine. Complete vibration tests, 
including tests made under flight con- 
ditions when vibration may be caused 
by air gusts and interference of air 
flow due to the blade passing near the 
obstacles such as landing gears, fuse- 
lage, are necessary. Laboratory tests 
include suspending the propeller in an 
elastic sling and vibrating it under 
static conditions, propeller test rigs on 
which electric motors are used to whirl 
test new propellers, and test stands on 
which the experimental engine-propel- 
ler combination can be mounted and 
tested. 

In flight testing equipment, resistance 
pick-ups, metal strips 7% in. or more in 
length, are cemented on the propeller 
blades at the points where the stress 
is to be determined. Vibration in the 
propeller changes the linear measure- 
ment and the electrical resistance of 
the pick-ups. Current passes through 
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5.000 balls per hour are automat- 
ically checked for four dimensions, 
oversize, undersize, under-high limit 
and over-low limit, and sorted into five 
classifications by this gaging machine 
at Ford Motor Company. Balls for 
bearings are fed into a hopper at top, 


these resistors from batteries, through 
the oscillograph and amplifier. Normal 
slight vibration which causes a fluctu- 
ation of electric current is recorded in 
a regular shallow wavy line. If ab- 
normal vibration develops, the line 
becomes a jagged series of peaks which 
increases in size as the vibration 
increases. 


Blast Furnace Gets 
Air-Conditioning Unit 

ON HOT, HUMID DAYS, the air which is 
blown into No. 1 blast furnace at the 
Aliquippa Works of the Jones & Laugh- 
lin Steel Corporation may carry with it 


as much as 30 or 40 tons of water. This 
amount fluctuates with the moisture 
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from which they roll to a gage head. 
If the ball is incorrect in any dimen- 
sion, the gage operates relays to open 
one of four trap doors in a trough 
down which the ball rolls. Gage has 
micrometer adjustments for change- 
overs to different ball sizes. 


content of the atmosphere, and makes 
it necessary for the operator to guess 
the weather 24 hr. in advance and con- 
stantly change the proportions of the 
raw materials charged into the furnace, 
which approximate 2,000 tons of iron 
ore, 950 tons of coke, 500 tons of lime- 
stone, and 4,000 tons of air per day to 
produce 1,000 tons of molten pig iron. 
To eliminate this variation, air-condi- 
tioning equipment capable of removing 
from 7 to 40 tons of water per day 
will be installed. This equipment will 
maintain an air blast of constant hu- 
midity with which it will be possible 
to control the silicon content and iron 
temperature within narrow limits. Fur- 
ther advantages are seen in a possible 
reduction in the amount of coke and 
limestone necessary. 


Color Television 
Demonstrated by G. E. 


Two-coLoRED TELEVISION reproduction, 
in which the colors were claimed to be 
remarkably realistic, was recently dem- 
onstrated at Schenectady to members 
of the National Television Systems Com- 
mittee by Dr. E. F. W. Alexanderson, 
consulting engineer of the General Elec- 
tric Company. 

A standard type receiver with no 
additional equipment other than a two- 


color 24-in. revolving disk about a foot 


in front of the picture end of the 
cathode ray of the standard type re- 
ceiver was used. A similar colored disk 
revolved before the iconoscope pick-up 


tube of the transmitter. As each disk 


whirled at about 1,800 r.p.m., its trans- 
parent field of orange-red and greenish- 
blue reproduced images in faithful 
color without flicker. “In our early 
experiments we tried both two and 
three-color disks,’ Dr. Alexanderson 


said. “With two colors and a speed 
of 1,800 r.p.m. of the disk, the same 


color succeeded itself 30 times per sec. 
With three colors, they succeeded each 
other 20 times per sec., producing a 
color flicker. So that is why we de- 


cided upon the two colors for the 


present,” 


The demonstration is still in the 
development stage and General Elec- 
tric has no plans for introducing color 
to its television programs for the pres- 
ent. Significance of the demonstration 


lies in the fact that the General Electric 


engineers feel that color television is 


practical with standard commercial 
receivers. 


Do You Know That— 


SuBSTITUTE FOR ASBESTOS in brake 
linings in Germany is aluminum or steel 
wire fiber. The filaments, 0.03 mm. in 
diameter, are bonded with synthetic 


rubher. (36) 


AERATED UREA PLASTICS have been 
made experimentally. Possible uses are 
for heat and sound insulation, and as 
filler for aircraft wings to absorb gaso- 
line leaks to avoid fire. (37) 


MACHINE TOOLS in 1930 could remove 
only 14 lb. of metal per min. By 1935, 
17 lb. of chips per min. could be turned 
off—a figure which has since been con- 
siderably stepped up. (38) 


EIGHT LB, OF URANIUM 235 would 
drive the Queen Mary across the Atlan- 


tic. Her bunkers now must carry 6,300 
tons of fuel oil. (39) 
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ENGINEERING IN WASHINGTON 


McGRAW-HILL WASHINGTON BUREAU, PAUL WOOTON, CHIEF 


Washington engineering is British 
engineering and vice versa these days. 


For example, Dr. S. Zuckerman, of Ox- 
ford, reports that blast concussion in- 
jures men and animals by damaging 
their lungs. A heavy wrapping of heavy 
cloth or equivalent takes the punch out 


of concussion and saves the lungs... A 


special note tells how a center lathe 
is converted into a boring machine. A 
special gearhead replaced the chuck. . . 
The Ministry of Supply has appointed a 
“controller of plastics” to make sure 


that advantage is taken of this material. 


Rapid obsolescence of war equip- 
ment is reported from Europe. Definite 
programs are planned by Germany and 
Great Britain to retire war equipment 
in step with design progress. If a type 
of plane seems likely to become obso- 


lete in two years, German plans include 


immediate shifting of half the capacity 
on that type to the improved design. 
Some obsolescence is due to progress 
in other equipment, as when heavier 
tank armor renders l-in. anti-tank guns 


ineffective. American policy accordingly 


expects early replacement of much 
equipment now being produced. 


Insulation of X-ray with glass is 
claimed in a patent filed by Robert A. 


Miller of Tarentum, Pa. Advantage is 


that the operator of the machine can 
have protection, yet see the subject 
through the insulation. It is claimed 
the glass also intercepts ultra-violet 
light. The principle is high content of 
lead oxide; X-ray repellant character- 
istics of lead oxide are known. Such 
glass weathers easily and its insulation 
factor breaks down. Mr. Miller has put 
his lead oxide glass between two sheets 
of glass of high lime, silica and soda 
content, which protects the middle 
layer. 


Wide angle aerial camera, Air 
Corps’ latest development at Wright 
Field, carries 249 frames of film which, 
allowing for 60 percent overlap, are 
capable of taking 3,600 sq. mi. of area 
in one trip of the plane. Exposures are 
made at an altitude of about 20,000 ft. 
The plane carries a supply of oxygen in 
cylinders and the cabin is heated. Night 
photography from altitude is being tried 
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with heavy flash bombs, which trip the 
shutter through a photoelectric cell. By 
slightly off-setting two exposures, the 


effect of a relief map is obtained, on 
which such minute things as wheel 
tracks can be seen. 


Bad men with guns are always tell- 


ing how quick they are on the draw. 
But talking a fast draw doesn’t go, any 
more, because the FBI has rigged up a 
thing to measure shooting time. This 
is how it works—approximately. The 
agent stands with gun in holster, his 


gun hand on a spring switch. When he 


gets the order to fire he jerks his hand 
toward the gun and the switch starts 
the stop clock. When the bullet hits the 


Bantam multi-purpose  automo- 
bile for the Army, which the press office 
claims hasn't been stopped yet on cross- 
country tests—not even by 60 percent 
grades—is Washington's newest engi- 
neering job. The car weighs 1,350 1Ь., 
is 80 in. long, 40-in. high, and costs the 
government about $1,000 apiece. 

The midget is not intended for combat 
purposes. It has no armor; occupants 
are fully exposed. Primarily, it is a 
“command and reconnaissance” vehicle, 
which means scouting. It has many 
other practical applications. As a troop 





target it breaks the circuit and stops the 
clock. The fastest men can draw and 


fire from hip or shoulder in a bit less 
than two seconds. 


Perpetual motion machines, death 
rays, or even a fountain pen or a hot- 


and-cold shower-bath valve that would 


work—all are now welcome by the 
National Inventors’ Council of the De- 
partment of Commerce. The Defense 
Commission too has a research com- 
mittee that looks into all technical 
suggestions. Ideas are not only 


accepted, but are invited. Anything 


that will add to the efficiency, economy, 
or effectiveness of the defense program 
is worth submitting. 
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carrier it holds three men strapped in 
bucket seats. It could serve as a prime 
mover for the 37mm. anti-tank gun, 
which is mounted on a trailer; also 
could transport anti-aircraft guns. 

Some specification and performance 
facts and figures: load, 500 lb.; 4-wheel 
drive enables it to crawl out of creeks, 
mud, brush; 4-cylinder, 45-hp., souped- 
up engine; speed 60-65 mi. per hr.; 
pull on the draw-bar, 1,000 lb. Punc- 
ture-proof tires have been sprayed with 
bullets and chopped with an axe—but 
kept on rolling. 
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New Materials and Parts 





Pressure Sight Feed Oiler 


By installing this Fig. 817 pressure 
sight feed oiler at eye level in a con- 
venient place, the operator can readily 
regulate the amount of oil delivered to 
out-of-the-way bearings. By noting the 
position of the ‘indicating plunger, it 
tells the approximate amount flowing to 
the bearing. Body is of wrought steel 





finished in black enamel, with polished 
nickel plated trimming. Needle valve 
permits adjustment from one-quarter 
pint to one quart per min., maximum 
working pressure of 50 lb. per sq. in. 
Available with !4 or ?& in. tapped con- 
nections. S. F. Bowser & Co. Inc., Fort 
Wayne, Ind. 


Photoelectric Relay 


Attractively housed in a cast alloy 
chassis with a compact molded cover. 
this new relay will operate at speeds up 
to 150 interruptions per min. and at 
a minimum of 40 foot-candles at the 
photoelectric cell with not more than 
15 foot-candles of extraneous light 
present. Applications include count- 
ing, sorting, weighing, measuring. con- 
trolling, signalling, inspecting and reg- 
ulating when conditions permit. The 
relay has a controlled contact rating of 
10 amp. at 115 volts a.c., with two norm- 
ally open and two normally closed con- 
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tacts. The coil of the relay is energized 
when the light at the photoelectric cell 
is reduced below 30-foot candles. Re- 
lay can be mounted on wall or bench 
with rigid or flexible conduit, with open 
wiring, or by any other accepted 
method. General Electric Co., Sche- 
nectady, N. Y. 


Speed Reduction Drive 


This completely new and practical 
method of speed reduction consists of 
two major elements: a helical gear re- 
duction unit which mounts directly on 
the shaft of the driven machine, and a 
standard belt drive between the motor 
and the input shaft of the reduction unit. 
The reduction unit has a standard fixed 
ratio of 13 to 1, any larger or smaller 
ratios being accomplished by proper 
selection of pulley sizes for the primary 
belt drive. The shock-absorbing action 
of the primary belt drive protects the 
gears from shock loads and the drive is 
claimed to have an over-all efficiency, 
when equipped with a tension-control 
motor base, approximating the 98% 
per cent efficiency of the reduction unit 
itself. Five reduction units cover all 
applications from 4% to 30 hp., giving 
any desired speed between 11 and 250 
r.p.m. American Pulley Co., Philadel- 
phia, Pa. 





Flexible Coupling 


For connecting a shaft directly to a 
flywheel, brake drum or flange, this 
coupling provides complete flexibility 
with approximately one-half the axial 
clearance required by other types of 
couplings. The dummy, pilot or stub 
shaft generally necessary with other 
types of couplings is eliminated. Com- 
pensation for misalignment is made by 
an internal sleeve which floats between 
an externally geared hub and an in- 
ternally geared covering sleeve. The 
internal sleeve which engages the hub 
and outer sleeve is free to slide and 
rock. Contact areas are large and 





heavy oil lubricating the contact sur- 
faces provides a cushion against shock 
without using flexible material. In 
connecting shafts of different diameters, 
the coupling is mounted on a smaller 
shaft and is bolted to a rigid, flanged, 
half coupling on the larger shaft. This 
permits the use of a smaller and lower 
priced coupling. Farrel-Birmingham 
Co., Inc., Ansonia, Conn. 


Vibration Frequency Meter 


This new instrument is no larger than 
an engineer’s slide rule, but it can indi- 
cate frequencies between 500 and 20,000 
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cycles per min. present in a vibrating 
body. This compact device is built 
around the principle of the vibrating 
reed and consists of a thin spring steel 
vibrator clamped at one end between a 
set of steel rollers. Knurled knob con- 
nected to the rollers moves the steel 
reed in or out, changing its frequency 
of vibration. A sliding pointer on the 
back end of the steel reed indicates the 
vibrating frequency. To use the meter, 





its head is held against the vibrating 
body and the adjusting knob is rotated 
until the vibrator reed moves to and fro 


at maximum amplitude. If more than 
one vibrating frequency exists, there 
will be a point of maximum amplitude 
for each, and vibrations in differing 
planes may be detected by changing 
the axis of the meter. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, 
Pa. 


Self-Locking Nut 


Self-Locking Nut with knurled shank 
is clinched permanently to sheet metal 
parts of assemblies which must fre- 
quently be taken apart. To install the 
nut, a hole is drilled in the structure 
and the shank is pressed into the hole. 
The mouth of the shank is then spread 
back against the structure to effect a 





clinching hold. The knurling engages 
the drilled surface and prevents any 
turning of the nut. The head of the nut 
is fitted with the Elastic Stop Nut vul- 
canized fiber collar which resists the 
entrance of the screw, thus automati- 
cally taking up all thread play and 
bringing the load-carrying thread faces 
of nut and screw into a tight pressure- 
contact. Because of the resilient char- 
acter of the fiber collar, the screw may 
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be removed and replaced repeatedly 
witheut loss of locking action. Elastic 
Stop Nut Corp. 2332 Vauxhall Rd., 
Union, N. J. 


High-Temperature Coating 


Designed as a coating for metal parts 
which in application are subjected to 
temperatures of 400 to 500 deg. F., this 
material is claimed to hold its white 
color as well as its life at these high 
temperatures. This baking type mate- 
rial is applied by roller coating or 
spraying. For best results, a baking 
schedule of 325 deg. F. for approxi- 
mately 20 min. is recommended. 
Watson-Standard Co., 225 Galveston St., 
Pittsburgh, Pa. 


Pre-Fixed Lock Washer 


In contrast to previously known pre- 
assembly methods, this new lock washer 
is pre-assembled to standard threaded 
fasteners by a simple press operation. 





The lock washer is a disk with a hole 
slightly smaller than the maximum di- 
ameter of the shank of the fastener. 
Slits extending radially from this hole 
form tongues which, when pressed over 
the fastener, prevent removal of the 
washer from the fastener during hand- 
ling or in assembly. Mechanical Lab- 
oratories, Inc., 128-130 Latham St., 
Pittsburgh, Pa. 


Gear Motors 


Double and triple reduction geared 
motors up to 30 hp. at 91 r.p.m. incor- 
porate the pyramidal gear pedestal de- 
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sign which provides ample support to 
withstand extra torsional strains and 
load shocks of geared power. All cast- 
ings used in this new line of large 
Syncrogear motors are normalized, and 
permanent alignment of bearings and 
gears is assured. Both primary and 
secondary gears dip in a large oil reser- 
voir in the pyramidal base, providing 
ample oil supply to all bearings and 
gears. U. S. Electrical Motors, Inc., 
Dept. 112, 80 34th St., Brooklyn, N. Y. 


Rubberized Asphalt 


A rubberized asphalt plastic material, 
which can be poured without heating 
into joints between concrete blocks, 
commonly known as expansion joints, 
adheres tightly to concrete or similar 
materials, and is permanently elastic. 
Small imprisoned air cells prevent ex- 
trusion of the material from expansion 
joints in hot weather. This improved 
elastic rubberized asphalt mastic is 
available in forms for building con- 
struction, expansion joints, in putty 
form for sealing glass to metal, fo: 
caulking wood seams, and in sheets or 
boards up to 8 ft. long and from 5 to 
1% in. thick. Special shapes are also 
available M. G. E. Corp. 607 W. 
25th St., Chicago, Ill. 


Control Mounting Strip 


To facilitate the mounting in multiple 
of signal lights, toggle switches, push- 
buttons and similar devices, these stand- 
ardized mounting strips are of stainless 
steel with a modern ripple finish and 
beveled ends. A strip is furnished with 
all devices mounted on it, ready to in- 
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stall. Strips are available in three 
lengths: for two units, for three units, 
or for five units per strip. One strip can 
mount any combination of devices, and 
several strips can be banked together. 
Each strip is mounted with two screws 
directly to machines, cabinets, panels, 
desk-tops, etc. H. R. Kirkland Co., 
Morristown, N. J. 


Safety Clutch 


Flaton safety clutch can be set and 
locked at a predetermined load, and 
when load exceeds that point the clutch 
automatically slips to relieve undue 
strain on motors or breakage on driven 
shaft in applications such as conveyors 
and gear reductions. As shown on the 
diagram, the clutch consists of a hous- 
ing into which is fitted a special friction 
cone made of Textolite, which has high 
heat-resisting qualities. This cone is 
backed up with a bronze thrust ball 
bearing which rides on a high-speed 
steel washer. Tension is maintained by 
a composition synthetic rubber pressure 
ring forced down by a take-up nut which 
can be locked at any desired working 
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torque. Flaton clutches are furnished 
in couplings, gears, pulleys, or sprock- 
ets, and are adaptable to machinery 
already in operation as well as to new 
equipment. Flaton Machine Works, St. 
Louis, Mo. 


Blueprinting Machine 


Model 22-16 blueprinting machine 
combines the exclusive features of the 
Model 22 printer with the Model 16 
washing and drying machine. Primar- 
ily it is intended for engineering depart- 
ments whose production requirements 
do not require the high speed of Model 
22. Although the 24 ft. per min. actual 
printing speed of the Model 22 printer 
exceeds the 15 ft. per min. washing and 
drying speed of the Model 16 washer 
and dryer, only large prints can be fed 
at extreme speeds. Advantages are 
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sliding contact which smooths out all 
inequalities in tracings and gives 2434 
in. of uninterrupted exposure area; 
three-speed lamp control which allows 
the lamps to be operated on 10, 15 or 
20 amp. as desired, and Actinic arc 
lamps which furnish uniform light 
emission, burn for 45 min. without in- 
terruption and resume instantaneously. 


C. F. Pease Co., 2601 W. Irving Park 
Rd., Chicago, Ill. 


Brass Plating Process 


Whereas previously heavy deposits of 
electroplated brass could not be ob- 
tained at all, this new brass plating 
process is two to four times as fast and 
makes possible smooth and bright elec- 
troplated deposits of 0.001 in. or more 
in thickness. Addition agents prevent 
chipping, improve luster, and prevent 
objectionable fumes. The relatively low 
temperature of operation, namely, 105 
deg. to 125 deg. F., assures ease of con- 
trol and economical operation. A uni- 
form bright yellow color is obtainable 
over a wide range of current densities, 
hence uniform color over recessed ob- 
jects is now possible. Known as the 
DuPont high-speed brass plating proc- 
ess, this new process will permit the 
specification of heavy thicknesses of 
plated brass. E. I. du Pont de Nemours 
& Co., Electroplating Div., Wilmington, 
Del. 


Pillow Blocks 


Labyrinth type seals with synthetic 
rubber seal rings are a featured im- 





provement of the Ahlberg line of pillow 
blocks. These seal rings turn with the 
shaft and float in the housing, are fric- 
tionless and long wearing. Complete 
unit consists of full self-aligning; preci- 
sion ball bearing, mounted in one-piece 
Parkerized accurately machined hous- 
ing. The design lends itself to light and 
normal service where reliable yet inex- 
pensive bearings are required. Ahlberg 
Bearing Co., 3062 W. 47th St., Chicago, 
Ill. 


Porcelain Enamel 


Pyroflex enamel, which burns at only 
1,400 deg. F., permits the use of lighter 
gage enameling stock or black iron, and 
reduces burning temperatures approxi- 
mately 200 deg. F. It is a low cost, 
genuine inorganic finish developed to 
compete with less durable finishes such 
as baked enamel. It will withstand 
heat and will not flake off when bent or 
flexed. Applied with one coat, no 
special metal bonding treatment is nec- 
essary. Pyroflex can be applied in a 
wide range of colors, effects and grain- 
ing finishes, and requires only one-half 
the burning time of baked enamel. 
Porcelain Enamel & Mfg. Co., Eastern 
& Pemco Aves., Baltimore, Md. 


Cable Terminal 


Designated as “Streamlined” cable 
terminal, Type SNS-H, the terminal is 
especially designed to facilitate easy 
taping of the connector and to help 
insure a moisture-proof seal to the in- 
sulation. A recess at the cable entrance 





permits the end of the cable insulation 
to be inserted into the connector and 
thereby shrouds and protects the cut 
end of the insulation. The terminal cap, 
by means of hollow head capscrews, 
clamps the conductor as shown in the 
illustration. This type of connector is 
also made with hexagon head cap- 
screws set in recesses in the cap in such 
a manner that the screws can be tight- 
ened with an ordinary socket wrench. 
Terminals are available for all cable 
sizes up to 3000MCM. Burndy Engi- 
neering Co., Inc., 459 East 133rd St., 
New York, N. Y. 
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Voltage Regulator 


Designed especially for the automatic 
voltage control of small a.c. and d.c. 
generators, this new quick-acting rheo- 
static type Silverstat Junior regulator 
is available in d.c. ratings up to 25 kw. 
and a.c. ratings up to 44 kva. It quickly 
and automatically performs the same 





function or operation as obtained by 
hand manipulation of the field rheostat 
of a machine under manual control. A 
change in voltage results in a corre- 
sponding change in the magnetizing 
effect of a coil, thereby causing an in- 
crease or decrease in attractive force 
causing the armature to seek a new posi- 
tion, thus either opening or closing in 
sequence an assembly of silver contact 
buttons. This shorts out or inserts steps 
of a carbon-plate resistor in series with 
the field circuit of the generator, keep- 
ing the generator output voltage within 
3 per cent of normal. There are no 
parts requiring readjustment or re- 
placement at frequent intervals. West- 
inghouse Electric & Mfg. Co., Dept. 
7-N-20, East Pittsburgh, Pa. 


Sealed Transmission Units 


New line of pillow blocks and other 
transmission units incorporating Fafnir 
“Mechani-Seal” ball bearings. These 
streamlined light series pillow blocks, 
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flange cartridges and cylindrical cart- 
ridges offer the advantage of ease of 
application, made possible by the Faf- 
nir Wide Inner Ring design, with a 
self-locking collar. They are locked to 
the shaft with a finger-twist, no ma- 
chining, shaft shoulders, adapters or 
locknuts being required. In “Mechani- 
Seal” two steel plate shields form the 
innermost members and are tightly 
fitted to the bearing outer ring. An 
outer corrosion-proofed, steel plate 
shield, pressed on the inner ring, clears 
the inner plates by definite but close 
tolerances, and acts as an efficient 
slinger. The seal employs close toler- 
ances rather than rubbing contact for 
its efficiency and imposes no friction or 
drag. The new transmission units are 
interchangeable with the separately 
sealed Fafnir units which preceded 
them, and are available in Types LAK 
(pillow block), LCJ (flange cartridge) 
and LC (cylindrical cartridge). De- 
scriptive folder available. The Fafnir 
Bearing Co., New Britain, Conn. 


Remote Bulb Thermostat 


Suitable for all situations where a 
motor-operated valve or damper must be 
accurately and quickly positioned for 
control of such equipment as dryers, 
pasteurizers, food cookers, ovens, hot- 





water tanks, and air conditioning. The 
remote bulb and bellows assembly are 
hydraulically formed providing uni- 
formity and maximum strength. The 
volume of liquid and conducting sur- 
faces are balanced to give minimum 
ambient temperature effect. Bulb is fur- 
nished with a mounting flange suitable 


for either immersion or duct mounting. 
Mechanism is inclosed in a black crinkle 
finish metal case with tight-fitting cover. 
Thermostats for 2-position control with 
snap acting contacts and for floating 
control are also available. Barber-Col- 


man Co., Rockford, Ill. 


Aircraft Bearings 


Designed specifically for application 
where self-aligning bearings are re- 
quired for control surface mountings 
and connections, landing gear controls, 
and other aircraft mechanisms, these 
self-contained single and double-row 
roller bearings are of large load capa- 
city and maximum self-alignment ac- 





tion. The Shafer roller bearing design 
is based upon the use of concave rollers 


running between convex raceways. 
Double-row self-contained aircraft bear- 
ings, having the rollers placed in an 
angular position with relation to the 
shaft, provide for thrust loads as well 
as radial loads. Single-row round end 
and eye bolt bearings are of the full 
roller type, providing high radial load 
capacity. Shafer Bearing Corp., 35 E. 
Wacker Drive, Chicago, Ill. 


Metal Plating on Plastics 


By forming a firmly adherent and 
highly conductive bonded coating on 
the surface of the plastic, metal platings 
are deposited on plastic surfaces by 
means of a process developed by the 
Metaplast Corp. Any metal that can be 
electroplated is suitable for this process. 
Parts of the surface can be masked to 
produce attractive designs and con- 
trasts, Even extremely thin deposits of 
the plated metal can be buffed, are 
shock and wear resistant and withstand 
variations in temperature. This process 
makes possible the use of metal plated 
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molded plastic parts in place of solid 
metal parts. Portions of the plastic 
surface can be treated in order to pro- 
vide for electrical conduction. Highly 
wear resistant deposits of chromium can 
be put on the plastic surface to increase 
wear resistance. Gears, rollers, valve 
parts are being made of laminated or 
molded plastic materials and plated, 
thus gaining the advantage of the 
lighter-weight plastic material. Meta- 
plast Corp., 205-209 West 19th St., New 
York, N. Y. 


8 mm. Roller Chain 


In spite of its minute dimensions, 
0.315 in. (8 mm.) pitch, with rollers 
0.197 in. diameter by 0.125 in. width, 
No. 88 roller chain has 1,100 lb. aver- 
age ultimate strength and is made to 
the same standards as larger Diamond 
chains. The material specifications, 
case-hardening and heat-treatment, are 
equally rigorous and exacting. Dimen- 
sional precision is identical. Each foot 
of chain is assembled to a total length 
tolerance of only --0.0156 in. and 
—0.000. This new chain is equally 
practical for dependable power trans- 
mission at high speeds and for applica- 
tions for which maximum compactness 





without sacrifice of enduring accuracy 
is essential, such as in positive driving 
of light weight machinery, for timing 
mechanisms, and precision instruments 
and equipment. The chain weighs only 
134 oz. per ft. Diamond Chain & Mfg. 
Co., Indianapolis. Ind. 


Alloy Steels 


An extended line of special alloy 
steels especially for the aircraft indus- 
try now include heat-treated, cold-drawn 
annealed bar products. SAE steels of 
the various alloy series, such as 2300, 
X4130, 4340 and in the principal analy- 
ses required by the industry, are now 
supplied in bar form to meet the phys- 
ical requirements for such parts as 
bolts, U-bolts, studs and other highly 
stressed parts. These aircraft steels are 
now available. The steels are melted in 
electric furnaces, rolled to close toler- 
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ances, and Magnaflux tested to meet 
ihe requirements of government specifi- 
cations for the aircraft industry. Special 
care is exercised in their manufacture 
to insure uniform, clean steel of proper 
grain structure for use in aircraft parts. 
Jessop Steel Co., Washington, Pa. 


Wing-Style Lock Nut 


A vibration-resisting, self-locking nut 
of the “wing” style. When tightened 
the spring member of the nut expands 
to locking position, thus providing a 
constant tension. This nut presents all 
the advantages of the solid type nut, 
but is 10 to 50 per cent lighter and gen- 
erally, size for size, costs less. Known 
as the Boots self-locking wing-style nut, 
it is fabricated in one piece from steel, 





Sizes run from 
Variations of 


and cadmium plated. 
No. 6 through to !4 in. 
this nut can be furnished for special 


purposes. In the illustration, at the 
left is shown the nut when not in use, 
at the right the nut is on a screw or 
bolt and the spring member is ex- 
panded to its self-locking position, the 
threads in the nut member pushing up, 
and the threads in the locking member 
down. The resulting constant tension 
locks the nut firmly in position. The 
nut has been specially developed for 
aircraft by the Boots Aircraft Nut Cor- 
poration. Distributed by Scovill Mfg. 
Co., Waterbury, Conn. 


Sheet Holders 


These sheet holders, which are read- 
ily applied with the forceps as shown in 
the illustration, provide a simple and 
convenient means for locating and tem- 
porarily holding metal sheets to each 
other and joining structural members. 








It consists of a small steel cylinder 
with spring-actuated locking plunger. 
It can be inserted and removed from 
one side of sheet; access to both sides 
is not necessary. This Cleco sheet holder 
permits rivet hole locations and welding 
spot locations that would be impractical 
or not permissible by other known 
methods. Cleveland Pneumatic Tool 
Co., 3734 E. 78th St., Cleveland, Ohio. 


Nitriding Stainless 


Parts made of any stainless steel or 
stainless iron can now be Nitrided. This 
surface hardening process, known as the 
Drever-Industrial Stainless Nitriding 
Process, makes possible the formation 
of a tightly adhering glass hard (89-93 
Rockwell 15N) abrasion resisting case 
which is from 0.002 to 0.028 in. thick. 
This Nitrided case has superior wear- 
resistant properties and practically the 
same corrosion resistance as the un- 
nitrided surface. The surface can be 
ground or polished without loss of abra- 
sion or loss of corrosion resistance. 
Parts of 18-8 stainless, Nitrided by the 
process have shown *B plus" rating in 
the standard A.S.T.M. salt spray test. 
Samples of both chrome iron and 
chrome  nickelbiron, after  Nitriding 
shows “A” rating after test in gasoline, 
kerosene and fuel oil. High pressure 
saturated and super-heated steam, im- 
pingement test on Nitrided 18-8 showed 
no deterioration of the case after 100 
hr. The Drever Co., 746 E. Venango St., 
Philadelphia, Pa., and Industrial Steels, 
Inc., 254 Bent St., Cambridge, Mass. 





Thrust Mechanism 


Particularly adapted for operating 
levers, clutches, clamps, and. similar 
equipment by remote push-button con- 
trol, this new type of thrust mechanism 
directly translates revolutions into prac- 
tical, straight line motion, delivering up 
to 4,000 lb. per sq.in. thrust. Thrust 
bar is direct-connected through differen- 
tial gearing to a powerful torque motor. 


The Welco push and pull motor is not 
restricted to. vertical or semi-vertical 
mounting, but can be used horizontally, 
upside-down or in any desired position. 
Reversible motor makes available a pull- 
ing motion of force equal to that of 


thrust. B. A. Wesche Electric Co., 
1622-1628 Vine St., Cincinnati, Ohio. 
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Manufacturers’ Publications 








Materials 


Pre-FINISHED Metats—American Nick- 
eloid Co., Peru, Ill. Folder, 6 pages, 
38x84 in. Briefly describes properties and 
advantages of pre-finished metals. 


SHAPED WinE— Page Steel & Wire Div., 
American Chain & Cable Co., Inc., Mon- 
essen, Pa. Bulletin DH-1226, 12 pages, 
83x11 in. Contains much useful informa- 
tion on grade, temper, and finishes. ll. 
lustrations of some of the many shapes 
available, tables and diagrams complete 
the data. 


SMALL Tupinc—Superior Tube Co., 
Norristown, Pa. Bulletin, 12 pages, 
81x11 in. Comprehensive discussion of 
fine small tubing, including method of 
manufacture and suggestions for applica- 
tions. 


Crucible Steel Co. of America, 
405 Lexington Ave, New York, N. Y. 
Bulletin AS 100, 48 pages, 4x83 in. 
After introducing the subject of quality 
alloys steels, this data and stock list gives 
charts of mechanical properties and appli- 
cations. 


STEEL 


STEEL PLATEs—Lukens Steel Co., 107 
Lukens Bldg., Coatesville, Pa. Bulletin 


107, 12 pages, 84x11 in. Well illustrated 
booklet lists sizes of Lukens sheets and 
plates, and contains many tables of manu- 
facturers’ standard permissible variations 
for dimensions and workmanship. 


Mechanical Parts 


Beartncs—Link-Belt Co., 307 N. Mich- 
igan Ave., Chicago, Ill. Data Book 1775, 
88 pages, 83x11 in. Illustrates and de- 
scribes “Friction Fighter Bearings.” Tables 
of load ratings and minimum life ex- 
pectancies, specifications, and engineering 
data facilitate selection of proper unit. 


Beartncs—Neveroil Bearing Co., Wake- 
field, Mass. Catalog 11, 15 pages 84x11 
in. includes descriptive and tabulated data 
on the 30 metal alloys and 12 wood 


formulas from which Neveroil bearings 
are made. 
Be_tincs—B. F. Goodrich Co., Akron, 


Ohio. Catalog Section 2100, 4 pages, 
82х11 іп. Sets forth features and illus- 
trates “Highflex” brand of transmission 
belting. 


CLINCHING NUTS—FabriSteel Products, 
Inc., Kerr Machinery Bldg., Detroit, Mich. 
Bulletin, 6 pages, 3łx8 in. Fast-On lock 
nuts for sheet metal parts are described 
in this bulletin, which includes a table of 
specifications. 
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CLutcHes—Conway Clutch Co., 1543 
Queen City Ave., Cincinnati, Ohio. Bul- 
letin L-29, 8 pages, 8żxll in. Gives com- 
plete description of Conway stud drive 
disk clutches, together with necessary 
dimensions, horsepower, torque data. 


ExPANSION Botts—The Rawlplug Co. 
Inc., 98 Lafayette St, New York, N. Y. 
Wall chart, 15x20 in. Illustrated dimen- 
sional chart for expansion bolts and screw 
anchors gives many tables for wood and 
lag screws, machine bolts and machine 
screws. 


FLEXIBLE HosE— Pennsylvania Flexible 
Metallic Tubing Co., 72nd St. and Powers 
Lane, Philadelphia, Pa. Bulletin 52-G, 8 
pages, 83x11 in. Illustrates and describes 
Penflex bronze steam hose and clincher 
couplings. Bulletin 59-G, 8 pages, 84x11 
in. Gives engineering data for galvanized 
steel hose and couplings. 


LEATHER Propucts—Charles A. Schieren 
Co., 30-38 Ferry St, New York, N. Y. 
Bulletin 1962, 24 pages, 83x11 in. Covers 
flat and round leather belting, leather 
packings, and leather specialties and ac- 
cessories. Horsepower ratings for oak- 
tanned leather belting are included. 


Pipe Firtincs—Taylor Forge & Pipe 
Works, P. O. Box 485, Chicago, Ill. Cata- 
log 401, 216 pages, 83x11 in. Includes 
much technical data on design, pressure 
and temperature ratings, flange bolting, 
new test analyses, accepted standards, etc., 
for complete line of seamless steel pipe 
fittings. 


Pumps—aAllis-Chalmers Mfg. Co., Mil- 
waukee, Wis. Bulletin B-6140, 6 pages, 
82х11 іп. Describes and illustrates the 


features of the new all-in-one “Electri- 
fugal” pump for 1 to 10 hp. for heads up 
to 106 ft. 


REFRIGERATOR Compressors—Worthing- 
ton Pump & Machinery Corp., Carbon- 
dale Div., Harrison, N. J. Bulletin C-1100- 
B11, 6 pages, 83x11 in. This bulletin gives 
a complete pictorial description of the 
vertical two-cylinder type Worthington- 
Carbondale refrigeration compressors. 


Electrical Parts 


CONTROLLERS—American Schaeffer & 
Budenberg Instrument Div., Manning, 
Maxwell & Moore, Inc., Bridgeport, Conn. 
Catalog, 84 pages, 84x11 in. Covers com- 
plete line of American self-operated con- 
trollers, combined temperature controllers 
with indicators, pressure controllers, wide- 


range indicating controllers, wide-range 
non-indicating controllers and  controlo- 
graphs. 





Morons—General Electric Co., Schenec- 
tady, N. Y. Bulletin GEA-1542D, 4 pages, 
8x103 in. Illustrates and describes features 
of heavy-duty d.c. motors, constant speed 
from 1 to 60 hp., and adjustable speed 
from à to 15 hp. Bulletin GEA-1868B, 4 
pages, 8x103 in. covers heavy duty d.c. 
motors, constant speed from 50 to 300 hp. 
and adjustable speeds from 15 to 200 hp. 


Morons—Reliance Electric & Engineer- 
ing Co., Ivanhoe Rd., Cleveland, Ohio. 
Bulletin 119, 4 pages, 83xll in. Well- 


illustrated bulletin sets forth features of 
Type AA Reliance induction motors, with 
ratings from 25 to 250 hp. at 1,200 r.p.m., 2 


and 3-phase. 


Morons— Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. Leaflet F-84198. 
2 pages, 8ixll in. Universal governor- 
controlled motors, available in sizes from 
1/50 to 1/20 hp., for a wide range of quiet, 


constant speed applications, are described. 


Motor Controts—Cutler-Hammer, inc.., 
315 N. 12th St., Milwaukee, Wis. Catalog 
CS-395, 36 pages, 83xll in. Compre- 
hensive discussion of Unitrol, the recently 
announced method of centralized motor 
control. 


Moror Starter—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-2064B, 
6 pages, 8x103 in. This bulletin, in picture- 
caption style, describes the new D-51 
magnetic motor starter. 


PHOTOELECTRIC ContTroL—Westinghouse 


Electric & Mfg. Co., East Pittsburgh, Pa. 


Price List 18-312, 8 pages, 8ixll in. 
Illustrates common applications of the 


Photo-Troller, and includes handy applica- 
tion charts showing what unit to use. 


Miscellaneous 


INSTRUMENTS General Electric Co.. 
Schenectady, N. Y. Bulletin GEA-2753, 4 
pages, 8x103 in. Brief description of nine 
General Electric instruments and time 
switches for general industrial use. 


OPTICAL STRAIN Gace—American In- 
strument Co., 8010-8020 Georgia Ave., 


Silver Spring, Md. Bulletin 2084, 8 pages, 
82х11 in. comprehensive in- 
formation describing the Tuckerman op- 
tical strain gage for measuring tension 
and compression strains as small as 


0.000002 in. 


Contains 


THERMOMETERS AND PRESSURE GAGES 
Brown Instrument Co., Wayne & Roberts 
Aves., Philadelphia, Pa. Catalog 6706, 
20 pages, 8x10% in. Covers complete line 
of vapor-actuated, gas-actuated, mercury- 
actuated and portable thermometers for 
indicating, recording and controlling pro- 


cessing operations. 


VOLTMETER 
nectady, N. Y. 
pages, 8x10} in. 


General Electrice Co., Sche- 
Bulletin GEA-3020A, 4 
General description in- 
cluding price listing and illustrations of 
portable electrostatic voltmeter. 
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Graphical Treatment of 
Vibration And Aircraft 


Engine Dampers 


C. H. PoweLL—288 pages, 51⁄2 x 814 
in., 224 curves, charts and diagrams. 
Blue clothboard covers. Published by 
Bookcraft, Inc., 135 Johnson St., Brook- 
lyn, N. Y. Price $7.50. 


In this text primarily of interest to 
automotive and aircraft engine design- 
ers, Dr. Powell has developed graphical 
systems for the treatment of vibration 
problems. Graphical systems are built 
up from the symbolic reduction of an 
oscillating motion to a straight line. 
Certain elemental mechanical forces, 
elastic, frictional or inertial, are con- 
sidered under the action of an oscilla- 
tory torque. Also the interaction of two 
oscillating members coupled elastically 
and frictionally are studied. The solu- 
tions of these problems subjected to 
graphical synthesis, are built up into 
frameworks by the process of adding 
them together vectorially. Once the 
framework or vector diagram is con- 
structed, amplitudes and phase differ- 
ences of the vibrating members are de- 
rived through application of the proper- 
ties of right-angle and similar triangles. 
The method is not intended to replace 
analytical deductions, but rather to sup- 
plement them. 

No catalog descriptions, photographs 
or drawings of dampers are included 
because of the constant change in 
damper design. Tradenames and in- 
ventors' names have also been avoided. 
All charts and graphs were drawn by 
the author, most of the charts being 
presented in large scale on inserted 
folded sheets for easy reference and use. 


Materials Handbook 


GEORGE S. Bnapy—Fourth Edition, 
591 pages, 65 x 9'4 in. Brown imita- 
tion leather covers. Published by Mc- 
Graw-Hill Book Co., 330 W. 42nd St., 
New York, N. Y. Price $5. 


Revisions made necessary by develop- 
ments in and additions to the ever-grow- 
ing list of engineering materials since 
the third edition was published in 1937 
have been included by the author in this 
new edition. Style of presentation re- 
mains substantially unchanged. General 
information, with the most commonly 
used comparative figures, is given on 


46 


materials in their group classifications 
in order to give a general picture pat- 
ented and trade-named materials are 


then described to give a more specific 


understanding of commercial applica- 
tions. Classifications are listed alpha- 
betically and a cross-index facilitates 
reference. 


A Handbook of English 
in Engineering Usage 


A. C. HowELL—402 pages, 5x714 in. 
Clothboard covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., 
New York, N. Y. Price $2.50. 


Reports, specifications, society papers 
and articles written by engineers are 
usually perfect in grammar and spell- 
ing but only too often glaringly defi- 
cient in all other respects. Professor 
Howell evidently recognizes this be- 
cause he devotes a goodly portion of his 
excellent book to explanations of the 
requirements for writing that will be 
easy to read. Thus, the first chapter, 
“Characteristics of Engineering Writ- 
ing” discusses the fundamentals of good 
writing which include clarity, concise- 
ness, completeness, accuracy and unity. 
Each of the fundamentals is then ana- 
lyzed in detail. 

It is difficult to do this book full jus- 
tice in a brief announcement. The au- 
thor has covered thoroughly the writing 
of articles, reports, specifications and 
letters. Not only has he made a remark- 
ably simple and clear analysis of good 
writing, but he has also discussed the 
general requirements for good mechan- 
ical appearance and the use of charts 
and illustrations. This book is not 
merely a text on good grammar and the 
rules of writing; it is a clear and simple 
exposition of the fundamental require- 
ments for good writing. Professor 
Howell is to be congratulated on having 
written an excellent book. Every engi- 
neer will profit by reading it, studying 
it and using it for reference. 


Writing the Technical Report 


J. RALEIGH NELSON—373 pages, 614 
x914 in. Green clothboard covers. Pub- 
lished by McGraw-Hill Book Co., 330 
W. 42nd St., New York, N. Y. Price 
$2.50. 


Preparing a technical report is just 
like the job of designing and construct- 


ing an engineering structure or ma- 
chine. Upon this fundamental Mr. Nel- 
son bases his purpose in writing his 
book, which proceeds swiftly and di- 
rectly to develop the principles of report 


writing, to illustrate them and show how 


they may be applied to the procedures 
involved in the design of a report. The 
author aims at fundamentals—funda- 
mentals that are necessary when none of 
the popular and convenient blank forms 
can serve, 


The book consists of four parts. The 


first presents a review of fundamental 
considerations. The second gives spe- 
cific directions for the set-up of the 
report, with many examples. The third 
outlines a systematic procedure for the 


critical examination of a report, and the 
last part suggests a series of assignments 
for study. 

Mr. Nelson’s clear, free-running style 
makes the book extremely easy to read 
and proves his authority on the subject 
of exposition. Breakdown by subject, 
the copious use of examples, and numer- 
ous suggestions make it easy for the 
reader to attack and improve his indi- 
vidual shortcomings. 


Beetle Molding Materials 


46 pages, 84x11 in. Published by Ameri- 
can Cyanamid Co., Beetle Products Div., 


30 Rockefeller Plaza, New York, N. Y. 


The plastics industry is not static, and 
every once in a while a booklet like this 
fills a great need for up-to-date technical 
data. Design of molded parts, molding 
procedures, and properties of urea plastics 
sold under the tradename Beetle are 
thoroughly discussed, with tabulated data, 
design sketches, and photographic illus- 
trations included wherever helpful. The 
design section is particularly good; sketches 
show how sections should be designed for 
even flow and cure, where allowances 
should be made for shrinkage, the design 
of inserts, and points where cracking may 
occur on aging. 


Analysis of Changes in Transportation 


Vol. I, 107 pages, 84x11 in. Published 
by Edward G. Budd Manufacturing Co., 
Philadelphia, Pa. 


Light-weight, streamlined passenger 
trains, made possible by new stainless steel 
welding methods and diesel engines, have 
revolutionized and revivified railway pas- 
senger travel. The sweeping trend is traced 
pictorially in this easy-to-read Budd analy- 
sis, which begins its story at the decline 
of the railroads with the advent of the 
automobile and truck, presents a cross- 
sectional view of railioad traffic at the 
time when the first streamlined Zephyr 
was introduced and shows the impact of 
the rapidly growing number of light-weight 
units on passenger travel. 
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BALL, ROLLER AND NEEDLE BEARINGS 


Relative Capacities and Characteristics 


The following table compares inherent 


characteristics of different types of 
rolling contact bearings of different de- 
sign. Load capacities tabulated are the 
average for bearings ranging from Y5 
in. to 4 in. bore diameter, and are deter- 


mined in the following manner: 


(a) Load ratings as given in manu- 
facturers’ catalogs were reduced to 
equivalent rating of 300 r.p.m. for a 
minimum life expectancy of 3,000 hr. 
by using the formulas presented in the 
article, “Ball and Roller Bearings” ap- 
pearing on page 12 of this number. 

(b) The projected area of the bear- 
ing was determined as indicated in the 
diagram at right. 

(c) The reduced rating was then di- 
vided by the projected area to obtain 
load capacity in lb. per sq.in. 


The factor X in the load-capacity 


column is the multiplying factor for 
converting from the load capacity given, 
axial or radial, to the one not given 
in the table, according to the formula: 


Radial Load — X x Axial Load. 
Finish of bearings is classed as reg. 


ular (reg.), precision (prec.), and 
ultra precision (u. prec.). Shock load 
capacity is tabulated as the factor by 
which the load capacity is to be multi- 
plied to give the capacity under shock 
conditions specified. 

Relative magnitude of bearing fric- 
tion is expressed numerically by rating 
them from 1, least friction, to 5, great- 
est friction. But these numbers are not 
factors, nor do they infer that a bearing 
with a friction index of 5 has five times 
the friction of an index of one. 


Ball Bearings 


Noise of bearings is rated 1, 2 or 3, 


the index 1 indicating least noisy, and 
3 the most noisy. 





The cross-hatched area is the projected 
area of the ball, roller or needle bear- 
ing. For bearings wherein the balls, 
rollers or needles operate directly on 
the shaft, the shaft diameter is used in 
place of the bore 
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—— hundreds of r.p.m. و‎ MINIMUM 
— E ——— — —— | RzzATIVE | RELATIVE uu" No. or 
BEARING "ү — a ا‎ SHOCK LOAD Dia. or Bore on Swart, | Friction | Norse angu. | BEARINGS 
TYPE ›. рє r sq. їп. рго)е‹ еа агеа IN. 1 = MIN. 1 = MIN. p4 TO 
| 5 | DEGREE Loap Fisa | | E | нн ALLOWED СЕ" 
Dury | RADIAL | X | AXIAL RM | T eei 15 | 1 | 2 4 
13 = shock i 
BALL BEARINGS — OPEN TYPE 
Open Type....... 1,050 € XA D 1 1.00 | Prec. 250 | 150 1 1 0 2 
| | 1.2 | | 2 | 0.33 | U.Prec.| 500| 320 | Ns: i 1 0 2 
| | | 
BALL BEARINGS — SINGLE WIDTH 
Deep Groove..... т 1,075 0.8 1 1.00 | Reg. 75 | 60| 45 20 | 2 2 +! 1 
M 975 to 2 | 0.50 Prec. 200 | 150 95 45 1 2 ESI 1 
н 875 1.5 3 | 0.33 U. Prec. 150 300 е м 1 1 +1 1 
Filling Slots...... L 1,500 2.0 1 1.00 Reg. 75 60 | 45 20 2 2 +1 1 
M 1,250 2.0 2 | 0.50 Prec. 200 150 | 95 1 2 +1 1 
н 1,150 2 3 0.33 
Anguler. .. ...... L Ex 0.50 3,200 1 1.00 Rez. 15 60 15 20 2 2 0 2 
M TT to 3,000 2 0.50 Prec. 200 150 95 45 2 2 0 2 
H rh 0.33 2,900 3 0.33 
| 
Spherical........ L 975 2.5 1 1.00 Prec. | 200 150 95 45 1-2 2 +5 1 
(self-aligning) M 825 to 2 0.50 | 
н 750 4.5 | 3 0.33 | 
BALL BEARINGS — DOUBLE WIDTH 
Deep Groove..... I 1,050 1.1 1 1.00 | Reg. 65 50 | 30 15 2 2 0 1 
М 950 1.1 2 0.50 Ргес. 150 100 80 35 2 2 | 1 
н 825 Ж. 3 0.33 
eee L 1,475 0.833 1 1.00 Reg. 55 45 35 15 3 2 | 0 1 
M 1,275 to 2 0.50 Prec. 140 95 10 30 2 2 0 1 
H | 1,075 1.2 3 0.33 | 
Spherical. ....... L 825 1.5 to 1 1.00 Prec. 200 150 95 45 | 2 | 2 | +5 1 
(self-aligning) M 725 3.0 2 0.50 | 
3 0.33 
BALL BEARINGS — AXIAL 
Groove Type n | Lun | i G zal ۴ 
1-2 in. bore.. | .. 0 — | 1,800 1 1.00 Pre. | 50 35 | 12 › | 4-5 3 0 2 
134-4 in. bore. . i 0 | — | 2200 2 | 0.50 | | 
| | 3 | 0.33 | | | | | 
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Roller and Needle Bearings 





































































































































І 
f 
| | | 
Loap CAPACITY Maximum SPEED | | | { 
———————————— hundreds of r.p.m. | | н MINIMUM 1 
Sreapy Loap : -— | RELATIVE | RELATIVE M No. or i 
BEARING lb. per sq. in. Ѕноск І.олр | Dıa. oF BORE OR SHAFT, | FRICTION Noise — BEARINGS | 
TYPE projected area | IN. l =Mın. l =Mın. po | TO | 
, d jin Ce Cea, | Sema, ALLoweEp | STABILIZ 
R x | А Decree | 04? » AXIALLY { 
ADIAL a | XIAL -— Pacton | 24 1 | 2 4 | | 
i | 
ROLLER BEARINGS — SINGLE WIDTH 
Cylindrical Rollers - | ^w 7 | $ 
With іппег гасе. ...... 1,650 | — 0 1 1.00 Reg. | .. | 50 | 30 18 2 2 0 
Direct on shaft..... | 2,225 | -— 0 2 0.77 Prec. bs 150 95 45 1 1 0 * 
| | 
Cylindrical Rollers | | | 
Haces with lips....... 1,500 - | t 1 1.00 Ргес. 75 45 | 25 2 2 0 | 1-2 
2 0.77 | | 
| 3 0.50 | | 
Cylndrical Rollers | | | 
eee 2,000 -- 0 1 1.00 Ргес. 20 15 8 4—5 3 0 * 
(no retainer) 2 0.71 | 
3 0.50 | 
| 
Tapered Rollers- | | à 
Retainer type....... "т cos | 1 1.00 Reg. vá 50 40 18 4-5 2-3 0 2 
Reg. angle..........| 1,500 | 1.43 ыа 2 [ «397 | І 
Steep angle......... | 0.70 1,450 j 0.33 | 
Full type | 
һе. алб. .........0 LTS 1.39 эё 
Steep angle......... i 0.73 1,700 
Hourglass Rollers | і 
Bpherion..........ees nc pan 1 1.00 Reg. га 50 49 18 4-5 2-3 2-5 2 { 
56-15% in........... 1,100 0.9 | c 2 0.77 | | 
EMEN reisen 1,750 1.0 | еъ 3 0.33 | 
ROLLER BEARINGS — DOUBLE WIDTH 
Cylindrical Rollers | To | | 
With inner race....... 1,725 | — | 0 1 1.00 Reg. m 45 28 | 16 | 3 2 0 Ф | 
Direct on shaft........| 2,325 | — | 0 2 0.77 | | | | 
| 3 0.50 | | | 
| | і 
Wound Rollers | | | 
With inner race....... 525 — 0 1 1.00 Нед. |. 20 20 15 4—5 | 3 | 0 * ` 
Direct on shaft....... 615 — 2 0.71 | 
3 | 0.35 ( 
| 
Tapered Rollers | | 
Double bearing. ...... 1 1.00 Reg. | .. 50 40 18 4-5 2-3 0 1 ' 
у уи 1,200 2.75 2 0.71 | | | l 
ОНЕ... 1,750 | 2.75 3 0.33 | | | 
| 
| 
Barrel Rollers | | К 
ИИИ о асад 1 1.00 | | $ а 
Light series.........| 2,150 3 2 0.77 Prec. | .. s т 30 4-5 2 +5 1 1 
Medium series......| 1,850 2 3 | 0.33 | Prec. | 75 | 30 4-5 2 +5 1 It 
Hourglass Rollers | | r 
7 eee 1,900 2 1 1.00 NI. Dou +» 40 18 4-5 | 2-3 +5 1 
116-4 іп. bore......... 2 0.77 | | 
3 0.33 | | | 
ROLLER BEARINGS — EXTREME WIDTH я 
Wound Rollers e. | | | LEY" 8 1 
With inner race....... 750 -- 0 1 | 1.00 Reg. | 20 20 15 5 | 3 0 * } 
Direct on shaft..... ; 925 — 0 24 i QR | | | 
| 3 0.35 1 
| | | | | f 
d andis ‚ы —N 4 
ROLLER BEARINGS — AXIAL 1 F 
Cylindrical Rollers te | | | 1 n 
КБИ ШЕШ... 555594 0 -— 3,000 1 | 1.00 Prec. | 15 10 5 j 0 | 2 
| | 2 0.77 | a 
| j 0.50 | у 
| 1 
Conical Rollers | | | р 
3-5 in. bore........... 0 — 3,500 1 1.00 Reg. Ex wis 8 5 j 0 2 
2 0.77 
3 0.50 
á mi 0 
i NEEDLE BEARINGS } tl 
t = ————— 1 
| With Inner Hace......... 1 1.00 Ргес. | 50 40 18 4—5 2-3 U * d 
і О О... оозе 2,500 | — 0 2 0.68 | | е 
| ПО «зә эже» 1,300 — 0 3 0.34 | | 
| | | | 
i Direct on Shaft........... 1 1.00 Ргес. | 50 40 18 4—5 2-3 0 ә 
| 3 EE eoo oS 3,900 2 0.68 | | е 
' ес 3 0.34 | 
| 0 
| * Additional thrust bearing required. T For axial location only. " 
| 
i 
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GEORGE F. NORDENHOLT, Editor 


The Speed-Up in Progress 


EVERY GREAT WAR has been productive of great revolu- 
tions in all the spheres of human activities and relation- 
ships. Many of the world's greatest advances in the field 
of medicine and surgery had their inception on bloody 
battlefields. 


urged to ever greater effort by the pressure of events, 


In times of strife, the ingenuity of man, 


has contrived the most deadly weapons of both chemical 
and mechanical warfare. And following each great war 
there have come sweeping revolutions in forms of govern- 


ment and social and economic relationships. 


This war will be no exception. Already one can see 
all about us activities that presage great changes in future 
industrial ‘activities. Automobile companies are now 
beginning to build airplane engines, calling for much 
finer engineering design and manufacturing methods. 
Railroad car shops are building tanks, forge shops are 
making shells, and automobile hardware manufacturers 
are making sensitive shell-fuse timers. Many other exam- 


ples could be cited. 


As stated by the vice-president in charge of engineering 
of an automobile manufacturing company, “By the time 
this war is over our experiences in making airplane 
engines will have taught us how to make automobile 
engines so vastly better that we will think of our present 
engines as having been crude machines.” The same kind 
of a statement could be made by industrial executives in 
many other fields. 


The pressing problem is to attain a tremendous output 
of these highly accurate machines and instruments of 
war with a minimum of machining time and labor. This 


condition coupled with the fact that many companies 
are tackling manufacturing requirements that are new 
to them, is being productive of startling new developments 
in manufacturing methods. Companies are swapping 
information and experiences. Shop men face to face with 
the necessity of developing manufacturing processes 
entirely new to them, unhampered by prejudice or tradi- 
tion, are doing things that many experienced men “know 
better than to try,” while men with long experience in a 
specific manufacturing process are actively seeking short 
cuts. 


One company has found how to eliminate the grinding 
operation on the teeth of hardened precision gears; in 
another plant brazed assemblies of stampings have sup- 
planted machined forgings. Resistance welded stampings 
have greatly simplified the dies and speeded production, 
and local hardening by induction heating is being used 
to speed the production of screw machine parts. There 
are many other examples of a similar nature. 


To keep up with all the new manufacturing methods 
now coming to the forefront will be a difficult task for 
the design engineers. But do it he must if he is to design 
his parts and products suitable for the most economical 
manufacturing methods that might be employed. And 
today, economy of manufacturing is not being measured 
by dollars and cents costs alone, but in many instances 
by the time and labor required to produce. That applies 
equally to both armament orders and products for peace 
time use. We are now at the beginning of a great revolu- 
tion, a sweeping revolution in engineering design impelled 
by new production techniques. 





CONTROL CIRCUITS 


Factors That Influence the Choice of Voltage 


F ALL the factors that enter into 
the selection of the voltage to be 
used for an electric control cir- 

cuit, the most debatable one is the con- 
sideration of safety. Questions relating 
to the electrical problems involved, 
space limitations and cost can be at 
least partially answered by the results 
of computations. And for the unusual 
cases where the electrical systems must 
be able to operate on storage batteries, 
as in railroad cars, airplanes and other 
vehicles, the storage battery voltage 
definitely fixes the control circuit volt- 
age. But the answer to the question as 
to what is a safe voltage is almost en- 
tirely a matter of judgment and opinion. 

Numerous instances have occurred 
wherein 110 volts have caused death or 
serious accidents. Fatalities have oc- 
curred at even lesser voltages. A light 
shock may throw an operator into the 
machine or work, or cause him to fall, 
with consequent serious injury. Hence 
it is futile to argue whether or not a 
certain voltage is dangerous. 

Most electrical engineers contend that 
regardless of the voltage, be it 6 volts or 
440 volts, complete safety can be ob- 
tained by proper and reasonable cau- 





Fig. 1—Pendant pushbutton station used 
on Ingersoll milling machines, shows 
possibilities in space saving when low 
voltage control circuits are used 


tions in the design of the control circuit. 
Hazards associated with high voltage 
can be guarded against with complete 
assurance if the following design speci- 
fications are observed: 


1. Circuits above 24 volts should be 
in conduits or raceways. 

2. Pushbuttons and other contacts 
should be arranged so there will be no 
two adjacent points of opposite polarity. 

3. All boxes, inclosures, pushbuttons, 
should be securely grounded through 
conduit systems. If flexible non-metallic 
covered cables are used, ground by an 
extra grounding conductor. 

4. Use proper wire insulation for 
conditions such as oil, water or acids. 
Some synthetic insulated wires are not 
only resistant to. such conditions but 
also have a smaller overall diameter for 
more compact installation. Some de- 
signers use lead-sheathed cable. 

5. Disconnecting plugs should have 
extra grounding conductor and termi- 
nals. 

6. Conduits and boxes should be sol- 
idly clamped. For over 150 volts to 
ground use double locknuts on conduit 
terminals. 

7. Use grommets or bushings when 





Fig. 2—Where magnetic contactors are used to follow contours low voltages are used to prevent or reduce arcing between tracer 
and template with consequent improvement in accuracy. In the Monarch lathe sizing device 12 volts are used on tracer circuits 


50 
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Fig. 3—Installation of electrical equipment in confined space is often required. Left, view in back of control panel of Barber- 
Colman vertical hobbing machine, right. Note five Micro switches and pushbutton controls for comprehensive sequence of operations 


passing wire or cables through the ma- 
chine frames. 

8. Use threaded fittings or the thread- 
less equivalent for all systems subject to 
vibration. Ordinary locknut and bush- 
ing conduit terminals are not always 
satisfactory on machine wiring. 

9. Good practice dictates that no 
conduits should be brought into top of 
inclosures mounted directly on machine 
since oil might run along conduit and 
get into control box. 

10. Plans for installation of the elec- 
trical equipment should be made on the 
drawing board and wherever possible 
"crowding" should be avoided particu- 
larly at the higher voltages. N.E.M.A. 
requirements for minimum installation 
clearances should be observed. If the 
space restrictions are such that these 
minimum clearances cannot be ob- 
tained, a lower voltage should be used. 

It is simplest to operate the control 
circuits at full line voltage. No trans- 
former is required, no relays are needed 
to operate the contactors. However, if 
the power circuit is 220 volts or 440 
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volts, the control circuit might be oper- 
ated off the 110 volt lighting circuit. 
According to a survey conducted among 
50 machine tool engineers, most of them 
favor 110 volt control circuits, many 
favor using line voltage up to 220 volts, 
and low voltage control circuits such as 
12, 32, or 64, are used only to meet 
special conditions. However, one auto- 
mobile plant recently standardized on 
32 volts for all pushbutton circuits and 
110 volts for limit switches. 

There are a number of advantages as 
well as disadvantages in the use of full 
line voltage control circuits besides the 
elimination of the transformer, mercury 
arc or copper oxide rectifier or other 
type of voltage transformer. For a 
given amount of power required to 
operate the contactors and relays, the 
current required will be inversely pro- 
portional to the voltage. Smaller push- 
buttons and limit switches can there- 
fore be used when the control circuit 
voltage is higher. At low voltages the 
higher amperage will require greater 
contact areas to avoid overheating. This 


situation can be avoided by using relays 
in the low voltage control circuit, these 
relays controlling standard voltage sole- 
noid coils or magnets. This requires 
added electrical devices and circuits but 
where interlocking control circuits are 
used, the relays would be required 
anyhow. 

In electrically driven machines that 
have a number of motors with perhaps 
also motor operated rheostats and 
clamps, solenoid operated valves for air, 
hydraulic oil or coolant, the size of the 
control panel becomes an important 
consideration. The problem becomes 
even more important when the control 
panel must be portable as on a large 
boring mill or planer wherein the con- 
trol station is suspended from a swing- 
ing arm so that the operator can move 
it with him to the different working 
positions around the machine. Such 
machines often require as many as 30 
buttons in the control panel. 

Since the minimum allowable elec- 
trical clearance determines the mini- 
mum spacing of the pushbuttons, a low 
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voltage control circuit in conjunction 
with operating relays permits a more 
compact design and thereby a smaller 
control panel. Pushbuttons to operate 
on 12 or 24 volts czn be located on 
lis in. centers. Fig. 5 indicates the 
possibility in space saving with lower 
control voltages. 

In many machines, saving space in 
the design of the control panel is of 
little importance. 

Usually, a portable control panel is 
not required and there are only a few 
pushbuttons. The size of the control 
panel is often dictated not by electrical 
requirements but by the demand of con- 
venience of operation, such as mush- 
room type pushbuttons, guards to pre- 
vent accidental starting. and similar 
features. 

Voltage drop across the pushbutton 
contacts is a major consideration in the 
selection of the control circuit voltage. 
High control circuit amperages in low 
voltage circuits have pyramiding effects. 





Higher currents are conducive to the 
more rapid oxidation of the contact 
points, thereby increasing their resist- 
ance. The higher resistance in conjunc- 
tion with the higher current, increases 
the RI drop or voltage drop across the 
contacts. This may become serious, es- 
pecially if there are a number of con- 
tacts in series in the circuit. For ex- 
ample, a three-volt drop across contacts 
in a 220-volt control circuit means a 
drop of only about 14% per cent, which 
would be negligible. But a three-volt 
drop in a 12-volt circuit would be a drop 
of 25 per cent, which would seriously 
affect solenoid or magnetic contactor 
operations. Obviously a low voltage 
control circuit is more sensitive to the 
effects of decreased contact pressures 
and contact areas and the pitting and 
oxydizing of the contacts. Therefore. 
special care must be taken to provide 
dust-proof and oil-proof housings for the 
pushbuttons and contactors. Where dusi 
and dirt conditions are severe, it is 


Fig. 4—Electrical circuit of the Landis Tool Company grinder is made safe for the 
operator by well insulated wiring and installation. It demonstrates good machine 
design because of the excellent accessibility to the entire electrical circuit which is 


so important in maintenance. In this particular machine the controls are operated 
at motor voltages except the mercury contacts and the sizing device which controls 


oscillating head motor which is supplied with d.c. by a transformer and rectifier 
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110 to 440-volt Pendant 
10 Buttons 


Fig. 5 Reduced voltage on pushbutton 
size has particular benefits for machines 
with complicated controls or controls 
mounted in a portable station 


better to use a higher, 110 volt, control 
circuit voltage. 

Because higher voltage control cir- 
cuits operate on lower currents and can 
afford a higher voltage drop, smaller 
wiring can be used. For approximately 
the same conditions, a 3-amp. current 
flowing through 80 ft. of No. 14 wire 
will have the same voltage drop as a 
5-amp. current through 75 ft. of No. 12 
wire. Obviously, in a lower voltage cir- 
cuit it is of greater importance to reduce 
to a minimum the number of high-cur- 
rent coils by using relays, and to reduce 
the lengths of the circuits to a minimum. 

A control circuit voltage high enough 
to “blast” through a film of non-con- 
ducting dirt or oxide, has the accom- 
panying disadvantage of being con- 
ducive to electrical creepage, short-cir- 
cuiting and arcing. Because of this 
many machine tool engineers use con- 
trol circuit devices of 600 volt rating 
and determine all their spacings and 
clearances on the basis of 600 volts, 
even though the control circuit is to 
operate on 110, 220 or at the most 440 
volts. For the same reason, dust-proof 
and moisture-proof housings are used. 
Whereas in low voltage circuits they 
are used primarily to keep the contacts 
clean, in high voltage circuits they are 
used to keep out moisture and metallic 
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dust to prevent creepage or flashovers. 

l'his last consideration sometimes dic- 

s the use of a low voltage control 
circuit. As an example, the portable 
control station used on machines of the 
Ingersoll Milling Machine Company are 
for low voltage operation, 24 volts. Be- 
cause the voltage is low. there never is 
any fear of serious consequences if the 
control panel gets close to the cutters 
and gets sprayed with oil or metallic 
dust. The resistance of the control cir- 
cuits, including contacts and coils, is so 
low in comparison to the resistance of 
the path of leakage, that there is little 
fear of leakage. Nor can an arc be 
maintained even if a flashover does 
occur, and hence a flashover would have 
little effect on the contacts. 

Sometimes special low voltage de- 
vices are required in the control circuit 
to perform some specific function. Low 
voltages are a necessity when low volt- 
age sensitive instruments, electronic 
tubes or similar devices are used in the 
circuit. An example is the Landis Race- 
A-Way grinder in which the sizing 
device, a mercury column in a U-tube 
that makes contact and establishes a 
connection, operates on 85 volts to pre- 
vent excessive oxidation of the mercury. 
Another low voltage circuit on this ma- 
chine, operating through a rectifier, pro- 
vides d.c. power for dynamic braking 
of the oscillating drive motor. 

The Keller-Electric type 
used on the Pratt-Whitney die sinkers 
and on Monarch lathes operate on 12 
volts. In these machines a tracer 
mechanism, made up of electrical con- 
tacts which complete circuits from the 
low voltage supply to relays, follows a 
pattern, The relay in turn operates 
solenoid clutches which engage and dis- 
engage certain elements of the machine 
to give the correct motion to the spindle. 
Low voltage makes it possible to hold 
the space between contacts to a mini- 
mum to give the tracer mechanism 
maximum sensitivity. With lower volt- 
ages the length of arc is reduced with 
consequent improvement in accuracy of 
operation where “feeler” or “quick 
stop” action is used. For the same 
reason low voltage circuits are prefer- 
able in gaging operations which depend 
on “feel” for their accuracy. 

Pilot and signal lights are usually 
low voltage bulbs having sturdy fila- 
ments of heavy wire and are of low 
wattage. Oilgear uses eight 24-volt 
lamps in an electric-hydraulic tell-tale 
fixture on its new Pushemall press. A 
transformer reduces the 440-volt a.c. 
motor line current to the lighting cir- 
cuit. Built-in lamps and adjustable 
lamps are made doubly safe for the 
operator on many machines such as the 
Kearney & Trecker milling machines 
and Haskins tapping machines, by oper- 


controls 
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ating them on 32-volt power furnished 
by a transformer which can be mounted 
anywhere in the machine frame. 

From the cost standpoint it is diffi- 
cult to compare low voltage with high 
voltage control circuits. While a gen- 
eral statement could be made to the 
effect that a low voltage relay, for 
example, would be cheaper in cost than 
say a standard N.E.M.A. relay, that is 
only part of the story. When the addi- 
tional complications caused by using 
low voltages are considered, the total 
cost of the circuit may be no less. A 
special portable station such as the 
Ingersoll mentioned above is decidedly 
more expensive than it would be if 
standard size 110-volt apparatus were 
used. In this case, the additional cost 
is far outweighed by the need for port- 
ability, proper action under the atmos- 
pheric conditions which exist, and safe- 
ty. When it is considered that the con- 
trols represent only a small portion of 
the total cost of a machine any extra 
expenditures for safety or improved 
operation would represent only a small 
percentage of the total cost of the 


machine but adds much to its value. 

If the main power source is d.c., 
separate motor generator set will be 
needed to reduce voltage for the control 
circuit. A series resistor could be used 
but the line voltage would be present 
on open circuit. If a shunt voltage 
dividing resistor is used, there is still 
danger of the operator receiving full 
voltage unless some form of grounding 
is used. This is not commonly done un- 
less electronic tubes or equipment re- 
quiring low voltage is used in the con- 
trol circuit. 

Conditions such as space restrictions, 
low voltage devices, or abnormal amount 
of metallic dust and moisture in the 
atmosphere may dictate the use of low 
voltage for the control circuit.’ But with 
high voltage, 110 or 220, there is more 
assurance of quick dependable action 
when the contacts are closed. There 
will be sufficient potential to overcome 
any reasonable increased resistance of 
poor contacts; coil and relay operation 
will be instantaneous and positive. But 
whether it be high or low voltage, the 
circuit must be designed to be safe. 





Fig. 6—Brown & Sharpe milling machines are all electrically controlled, use 220-volt 
transformer for control circuit when main power lines are above that. Electric equip- 
ment is housed in oil-tight compartments cast integrally in machine base. This 
control compartment of plain milling machine is typical 
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Modern Designs 





Complete Bry Cleaning Plant Fits 6 x 9 Space 


Compactly housed in a space-saving 
chrome-trimmed steel cabinet, the new 
Bandbox Meteor has a capacity of 100 
lb. per hr. using a continuously circu- 
lated solution of carbon tetrachloride. 
Fumes are exhausted through a built- 
in sheet metal housing which incloses 
a heavy-duty blower, V-belt driven from 
a l5 hp G.E. brushless single-phase 
motor. Nameplate and letters on cabi- 
net are fluorescent plastic. 

Washer-extractor is V-belt driven by 
a 1% hp single-phase gear-head motor, 
equipped with a built-in multiple-disk 
clutch. Washing speed of basket is 
44 r.p.m., extracting speed 800 r.p.m. 
Basket is drawn monel, and is divided 
by means of a perforated plate into two 
compartments. It is supported on pil- 
low-block ball bearings mounted on 
machine frame. Seals prevent leakage. 
Filter is galvanized heavy-gage sheet 
metal finished in special baked enamel. 
Screen assembly consists of 16 circu- 
lar, monel-mesh screens which are 
fitted with copper scraper blades. Sol- 
vent is circulated by vertical packless 
centrifugal pump driven by 25 hp. 
G.E. capacitor motor. Copper tubing 
and fittings are used throughout the 
system. Operations are automatically 
controlled by Walser timer. 


Towers for remova! 
of acid oil Я 


LILIES D) 
is frim — 





Schematie of system below shows 
how solvent is circulated through wash- 
er, filter and crystal towers which con- 


tinuously remove undesirable oils by 


filter-/6-monel, /00-mesh 
screens fitted with Scrapers 


SCHEMATIC OF OPERATION CYCLE 


51 





percolation of the solvent through ac- 
tivated crystals. Towers are of galvan- 
ized, heavy-gage sheet metal, finished 
in corrosion-resistant baked enamel. 


_- Top loading door 


` 


Washer-extractor, 
# Ap. capacitor 
motor driven. 
Cleanses and ex- 
tracts in same 
basket 


«--- Galvanized sump tank 


Bed Filfer powder linf frap 
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Ten years’ development beginning 
with the pioneer design of Fred E. 
Weick, chief engineer of the Engineer- 
ing and Research Corporation, preceded 
this new Ercoupe. Aim of the design 
was a light-weight, low-cost plane par- 
ticularly suitable for private flying, hav- 


Bushing cap 
Cylinder 
Piston 


Rubber bumper === 
Clamp --~~~ i 


Nose Wheel 


Landing gear is of tricycle type with 
steerable nose wheel. Forks and posts 
are cast of 220 aluminum alloy; wheels 
are Hayes magnesium alloy supported 
on Timken roller bearings. Hydraulic 
shock absorbers provide one ft. of verti- 
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1 Link 
“Wood fairing block 


Formed and Riveted Aluminum Sheet Construction 


ing good stability, ease in handling and 
definite no-spin characteristics. Light 
weight with sufficient stiffness and 
strength was obtained with monocoque 
construction of aluminum alloys fabri- 
cated on specially developed forming 
and stretching machines and riveted en 


y - Washer 
^. Rubber cap 


Cylinder - 
Oiler 
fitting - 
Tie rod - - 
Aluminum 
alloy -^ 
casting 
Leg / 
Fitted with 
Synthane 


\ 
laper washer 
s/eeve 


cal travel. Springing for taxiing is fur- 
nished by rubber compression disks for 
rear wheels, and compressed air for nose 
wheel. Rear wheels are fitted with 
Goodrich-Palmer expanding tube hy- 
draulic brakes. Flexure is taken by neo- 


4 / 
Fork , 
/ 


Aluminum 
alloy casting 





specially developed punching and rivet- 
ing machines (described in P.E. Sept. 
40, p. 393). Size, shape and location of 
wing and control surfaces are so 
planned that the plane, which is pow- 
ered by a 65 hp. Continental engine, 
cannot be put into a tailspin. 


_-Front beam 


," "Oleo support 


—----Djston 
-Rubber filler 


le -- Upper fairing 
_- Cup 
_-Lower fairing 


А Fitted with hydraulic 
\ brake of expanding 
tube type 





Main Landing Gear 





prene section in hydraulic line. Steer- 
ing torque is transmitted to nose wheel 
through nutcracker linkage. Thrust 
washers for wheel bearing are Synthane 
phenolic laminated fabric. 


(Continued on next page) 


55 





MODERN DESIGNS = 


The outer panel has diagonal ribs 
running between the main spar and the 
auxiliary rear spar. These ribs, formed 
of 24 ST Alclad sheet, fulfill the triple 
fuction of providing the drag trussing. 
torsional bracing, and wing airfoil form. 
The nose portion of the outer panel is 
covered with sheet aluminum from 
below the leading edge up around the 
nose and back to the main spar to assure 
the maintenance of the correct airfoil 
shape of the most critical portion of the 
wing. The lower surface ahead of the 
front spar, however, is left open so that 
upon removal of the fabric covering, all 
rivets are accessible from both sides for 
easy maintenance. The outer panels are 
supported on the center section through 
forged fittings and two fs” bolts on the 
rear spar and two 5%” bolts on the main 
spar. These bolts support the entire air- 
plane in flight. Front beam fitting 
hinges are heat-treated to obtain a ten- 
sile strength of 180,000 lb. per sq. in. 
Wings can be removed for storage. 





Low-wing Ercoupe ( continued ) 


Extruded aluminum beam 








Press formed 
aluminum struts 


Extruded aluminum beam 








Center panel is entirely covered with 
24 ST Alclad sheet, a portion of the 
upper surface forming a walkway on 
each side of the fuselage. The fillets or 
fairings between the fuselage and the 
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wing influence the stalling character- 
istics of the airplane. The section lo- 
cated ahead of the main spar on the 
right hand side of the fuselage forms 
the main gasoline tank. The tank is 














fastened by oval head machine screws 
and Elastic stop nuts. the latter being 
permanently riveted in place on the 
spar flange so that the machine screws 
can be removed and replaced. 
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Stainless stee/ 
| firewall 
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\ 
Welded stee/ tube 
engine mount 
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Aluminum alloy sheet, 
riveted 
I 


aluminum rings 








Fuselage is of monocoque construc- 
tion composed of a simple shell of 24 
ST Alclad sheet riveted to four formed 
oval rings of the same material. The 
cockpit portion of the fuselage is of 
semi-monocoque construction, the sheet 


Control wheel in the cockpit not only 
moves the ailerons but steers the nose 
wheel as well, and in addition, if two- 
control operation is desired. the rudders 
are also connected to the control wheel. 
Ease of motion is assured by the use of 
a large number of ball bearings. The 
linkage system is free of pulleys, 
making use of bell crank levers, push- 
pull tubes. straight cables, and Fafnir 
ball bearings at pins. Fore and aft mo- 
tion of the control wheel moves the con- 
trol column under the dash with it, and 
the motion is transmitted back to the 
elevator by means of push-pull tubes 
and two bellcranks, one at the rear of 
the main spar under the seat, and the 
other mounted at the tail of the fuselage. 
Hook-up is illustrated diagrammatical- 
ly. The upward travel of the elevator is 
definitely l'mited so as to prevent the 
possibility of maintaining the airplane 
in a completely stalled attitude with full 
power in use. Turning the control wheel 
turns a torque tube inside the control 
column by a chain and sprocket ar- 
rangement. From a lever at the bottom 
of this torque tube this motion is trans- 
mitted to the ailerons by means of push- 
pull tubes and bell cranks. Turning the 
control wheel also steers the nose wheel 
at the same time that it deflects the 
ailerons through a second lever at the 
bottom of the torque tube within the 
control column which is connected by a 
push-pull tube to a lever mounted on the 
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material skin being riveted to extruded 
24 ST aluminum alloy angles. This por- 
tion is built integral with the center sec- 
tion of the wing. The cockpit is covered 
with a transparent housing of Vinylite 
PP VS 1310 clear. The engine mount 





_--Elevator trim device 


For two contro/ operation 
no rudder peda/s, 
bolt in top hole only 


ahead of the stainless steel fire wall is 
a welded S.A.E. 4130 chrome-molybde- 
num steel tube structure, supported at 
four fittings projecting through the fire 
wall by fs in. AN bolts. The structure 
supports the engine and nose wheel. 








, Right 
/ aileron 





7 1 " iur 
nd 28 = E Ne i 
| 2% 
Fed \ 
ork | Р 
e or conventional ". Sy 
RB three contro/ а 
> operation, bolt in Wf 
2 bottom hole only \ 9 7 
4 с / 
Р Right 
Left жй rudder 
aileron” Left x 
rudder ===” >| з 





hydraulic cylinder of the nose wheel. 
Motion is transmitted through a nut- 
cracker linkage. not shown, down to the 
fork and the nose wheel itself. With the 
control wheel deflected to its maximum 
of 180? the nose wheel will be turned 
30° to one side. Rudder pedal (if 
used) are mounted on torque tubes, 
and bell cranks and push-pull tubes 
connect them to the control mast behind 
the seat. When two-control operation is 
desired, the rudder pedals are removed 
and the rudders are connected to the 








aileron system and are moved by the 
control wheel. The change from two to 
three control linkage is made by chang- 
ing a single bolt from one location to an- 
other in the control mast back of the 
seat. With the bolt in the upper posi- 
tion, as shown, the rudder and aileron 
bell cranks are locked together, and the 
bell crank to the pedals is disconnected. 
With the bolt in the lower position, the 
ailerons and rudders are not connected 
together, but the rudder pedals are con- 
nected through to the rudders. 
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MODERN DESIGNS - Capable 


Utilizing kinetic energy stored in 
the rotor, the new Whirlwind 
autogyro is capable of jump 
take-offs of 15 to 35 ft. verti- 
cally, depending on prevailing 
wind conditions. High maneuv- 
erability both on ground and in 
the air, and speeds ranging from 
120 mi. per hr. to hovering 
flight, are available in this new 
Pitcairn design which will have 
civil, commercial and military 
uses, particularly for aerial sur- 
veying, fire control, reconnais- 
sance and transportation of per- 
sonnel to locations inaccessible 
to ordinary planes. 


Engineering features, as described 
in Aviation, are based on seven years 
development from the original Cierva 
design, and include all-metal con- 
struction, midship engine location to 
provide power both fore and aft as re- 
quired, high pressure engine cooling, 
direct control of rotor-axis tilt, and 
steerable landing gear. Plane, com- 
pactly designed, has length of 20 ft. 5 in. 
and height of 10 ft. 3% in. 





Rotor blade is attached to the hub 
through two hinges “E.” The hydraulic 
line “A” forces oil into the cylinder 
“В” moving the piston which controls 
the pitch of the blade. *C" is a hinge 
allowing the blades to move up and 
down. “D” is the arm connecting the 
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Inelosed motor advantages: in- 
creased range of vision for both pilot 
and passenger; power to drive the 
rotor-starting shaft, taken from the 
proper side of the engine, permits the 
unlimited use of the available horse- 
power for bringing the rotor up to 
speed; forced-draft cooling of the 
engine controlled under all conditions. 


x =: 2; 


blade and hub. The rotor can be accel- 
erated to 300 r.p.m. while the ship is 
standing on the ground. Releasing the 
pressure permits blade to “unscrew.” 
Since normal flight rotation of the rotor 
is only 180 r.p.m., the stored kinetic 
energy is converted into lift. 





of Vertical Take-off 





Illustrations courtesy of Aviation Magazine 


Because of the autogyro can maintain 
flight at low speeds, motors on previous 
ships, where cooling depended on air 
speed, frequently overheated. Flywheel 
was designed with an integral Sirroco 
fan around its perimeter and a ring gear 
which makes possible the use of a stand- 
ard automotive-type electric starter. 
Air is drawn through grille in nose. 
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Steerable landing gear for use in 
maneuvering along ground. Control is 
accomplished through a system of tie- 
rods and bellcranks. Tie-rod “A,” con- 
nected to the control wheel turns bell- 
crank “B.” “C” is the hydraulic line to 
the brake. 
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(7) ROTOR BLADE ( FOLDS FOR ROAD USE ) 


@ ROTOR HEAD 


@) ROTOR STARTER DRIVE SHAFT 
4) MECHANISM FOR “DIRECT CONTROL” ROTOR TILTING 


(5) THROTTLE CONTROL UN/T 


© TRANSMISSION WITH PROPELLER CLUTEH, ROTOR 
STARTER CLUTCH, PROPELLER GEARS 


(2 FOUR-BLADE PROPELLER 


Power and control units. Engine 
is a Warner Super-Scarab of 175 hp.. 
separated from the cabin by an insu- 
lated metal bulkhead. Setting the single 
control handle locks the wheel brakes, 
sets the rotor blades at zero pitch, puts 
the transmission at a 2 to 1 gear ratio 
and engages the clutch to the rotor 
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power drive shaft. When 300 r.p.m. 
speed is attained, the pilot turns the 
single control handle, and the ship rises 
vertically into climbing flight. The turn- 
ing of the control handle in making the 
jump take-off causes the rotor blades to 
change from zero pitch to normal flight 
pitch, the rotor power drive shaft to 





declutch, the gear to the propeller to 
change from 2 to 1 ratio into 1.54 to 1 
ratio and the wheel brakes to unlock. 
The change of the propeller gear ratio 
is essential to provide high static thrust 
and rapid acceleration to flight speed 
which is attained before the kinetic 
energy in the rotor is dissipated. 
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Special chuck for attachment to a 
power-driven tool, and a slotted tray of 
sheet steel, spring-mounted on a cast 
iron base, have been developed by the 
Independent Pneumatic Tool Company 
to reduce time in screw-assembly jobs. 
Chuck or finder is a hollow tube of 
hardened spring-steel, slotted and re- 
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` 4 
Finder — recessed fo fit 
size screw to be driven 


cessed so that it automatically grips a 
screw suspended in the tray. Screw slips 
out of finder after driving when end of 
finder contacts surface. Annular grooves 
provide seat for adjusting ring of spring 
steel. When ring is moved toward end 
of finder, tension of gripping jaws is 
increased. 





MODERN DESIGNS- 


Greater rigidity and better load dis- 


tribution at joints between drive box. 
bed rails and inner housing was ob- 
tained in this 16-ft. horizontal bending 
roll by welding parts as an integral unit. 





top roll are inclosed in oil-tight boxes, 
bolted to frame. Two control levers, 
shown in feft foreground, operate 
clutches which permit either end of the 
roll to be raised or lowered indepen- 





which must be removed from machine 
in a direction parallel to axis of rolls is 
handled through drop-end housing. Ma- 
chine was designed and built by Bald- 
win-Southwark division of the Baldwin 


Nuts and gears for screwing down the 


dently. for rolling conical shapes. Work 


Locomotive Works. 








Swiveling electrical socket designed by Reliance De- 
vices Company, can be rotated 360 deg. in any plane and 
raised 90 deg. at right angles. Shell is of drawn brass with 
specially designed, stamped-out top section. Bottom edge of 
shell, made with standard indents, incloses a heavy-coil, tem- 
pered-steel spring which presses against a metal ball in head 
to permit “stay put” position at any angle, and also to prevent 
movement caused by vibration. Unit is shown on special base. 
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Sterilizing agents are compactly arranged and completery 
concealed behind a plastic housing of simplified design in the 
new Sterimatic designed by the National Technical Labora- 
tories for soda fountain use. Plastic surface is easily kept neat 
and clean, will not corrode or lose color. The housing is 
molded of ivory Plaskon by the McDonald Manufacturing 


Company; it is also molded in black Durez by the Remler 
Company. The germicide containers have molded Durez caps. 
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DYNAMIC ABSORBERS 






Department of Mechanical Engineering, Pratt Institute 


TUDY of the source of excessive 

mechanical vibration will often 

show that proper balancing or re- 
design of a certain part or parts will 
reduce the magnitude of the vibration 
to acceptable limits. In some cases, 
however, because of the type of ma- 
chine, nature of its function, or other 
impracticability. the sources of vibra- 
tion cannot always be eliminated. Ex- 
amples are single cylinder reciprocating 
compressors, reciprocating sieves, elec- 
tric hair clippers, dryers of washing 
machines in which the clothes are noi 
uniformly arranged around the periph- 
ery of the dryer, and many others. In 
these cases isolation of the vibration or 
the application of a dynamic absorber 
may be resorted to. If the annoying 
feature of an airborne sound accom- 
panies the mechanical vibration, 
tion of the machine by rubber, cork or 
spring mountings may or may not 
eliminate the trouble. One of the sim- 
plest methods of preventing mechanical 
vibrations is by use of a dynamic ab- 
sorber, because parts are few in number 
and simple in design. 

While the principle of the dynamic 
absorber is to create a force which is 
equal and opposite at all times to the 
force or forces producing the variation, 
its use (without damping) is limited, 
since it operates effectively at only one 
speed or, at best, over a narrow range 
of speeds. However, in a great many 
machines only constant speeds are 
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Amplitude Ratio, A 


Fig. 1 


Simple cantilever loaded with unbalanced rotor at end. 


Unbalanced 
rotor. y 


"Dempens 
transverse 
vibration 





Beam vibration 


dampened by small loaded cantilever placed at right angles to original beam 


available. As an example, consider a 


simple cantilever beam of rectangular 
cross-section with an unbalanced rotor 
revolving near the end of the beam. 


The beam is stiff in the direction of the 


longer side of the rectangular cross- 
section; furthermore, the  vibrating 
force is a centrifugal one revolving in a 
plane at right angles to the direction 
of the longer side of the rectangular 
cross-section. Longitudinally the beam 
is stiff, but transversely, in the direction 
of the shorter side of the rectangular 
cross-section, it is relatively free to 
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Fig. 2—Resonance diagram, before application of absorber. 


mass and frequency of absorber tuned to natural frequency of main mass 
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0.5 


move. If the speed of the motor is near 
the natural frequency of the beam cor- 
responding to a transverse motion, re- 
sonance will occur and excessive beam 
vibrations will appear, Fig. 1. An effect- 
ive absorber can be made by using a 
smaller cantilever with a weight on its 
end, located at right angles to the sup- 
porting beam and tuned to a frequency 
close to that of the rotor. 

Before application of the absorber 
the resonance diagrem is as shown in 
Fig. 2. If the pulsating force producing 
vibration has a frequency at or near re- 
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Fig. 3—Resonance diagram with absorber mass 20 per cent of main 
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Fig. 4—Curve showing relation of mass 
ratio & to speed ratio R 


sonance, a large amplitude ensues. After 
application of the absorber to the ma- 
chine the resonance diagram is as shown 
in Fig. 3. This curve is the plot of the 
equation 

l- RF 


К; [1] 


1 = amplitude ratio of main system 


amplitude of main mass when 
vibrating 
amplitude of main mass under a 
static load equal to magnitude of 
pulsating force 


frequency of pul- 
sating force 
R = frequency ratio = —— mg ` — 
natural frequency 
of main system 


mass of absorber 





u = mass ratio = - _—— 
mass of main system 

It will be noticed that the amplitude 
of vibration at the speed of resonance 
without the absorber is now zero and 
that over a small range of speeds near 
resonance the amplitude is effectively 
decreased. However, two new resonant 
speeds now appear, one on either side 
of the original resonant speed. The 
size of the absorber determines the 
spread of these two new resonant 
speeds, as shown in Fig. 4, which is a 
plot of the equation 


i ‚А | Р 
RF =1+ +g r+ [2] 
frequency of pul- 
sating force 
natural frequency 
of main system 


R 


frequency ratio — 


ee cR of absorber 
mass of main system 

The larger the absorber mass the 
wider is the spread between the two 
new resonant speeds. Little is to be 
gained by making the absorber mass 
more than 20 percent of the machine 
mass. The mass of the absorber also 
determines the amplitude of the ab- 
sorber. The absorber amplitude is 
fixed by the equation 
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amplitude ratio of absorber 


amplitude of absorber 


amplitude of main mass under a 
static load equal to magnitude of 
pulsating force 


frequency of pul- 
: sating force 
R = frequency ratio = ——— IQ 
: natural frequency 
of main system 


i mass of absorber 
p = mass ratio = ———————————— 
mass of main system 

It may be observed that with an 
absorber of small mass the amplitude 
of the absorber becomes large, an un- 
desirable feature. By increasing the 
mass of the absorber its amplitude at 
the original resonant speed becomes 
smaller. Absorber masses from 2 per- 
cent to 20 percent may be used to best 
advantage, the larger the better. Prac- 
tical considerations often preclude the 
use of a heavy damper. 

Dynamic absorbers may be used to 
eliminate torsional vibrations as well 
as linear vibrations. Instead of using 
a linear absorber a torsional absorber 
is used. To reduce torsional vibration, 
a wheel or its equivalent having a sub- 
stantial moment of inertia is supported 
on an elastic shaft which is fixed to the 
shaft of the vibrating machine. It is 
necessary to choose the shaft of such 
elasticity and a mass of such moment 
of inertia so that the natural torsional 
vibration of the absorber will be the 
same as the frequency of the pulsating 
torque to be eliminated. If the moment 





of inertia is too small, the amplitude 
of the absorber will become excessive. 
Equations (1), (2) and (3) hold for 
torsional vibrations if moments of 
inertia are substituted for masses and 
torsional amplitudes are substituted 
for linear amplitudes. 

By use of a dashpot, viscous friction 
or dry friction between the absorber and 
main machine mass, the absorber can 
be utilized to dampen vibrations over 
a considerable range of frequencies. 
This type is commonly used in auto- 
motive engines. 

A reciprocating table for separating 
sizes of gravel, Fig. 5, mounted on a 
table offers an example of the applica- 
tion of dynamic absorbers. At oper- 
ating speed, around 750 oscillations per 
min., the table vibrated to such an ex- 
tent that it was difficult to use the 
separator. It so happened that 750 
oscillations per min. coincided with the 
natural frequency of the table and its 
separator. Rather than redesign the 
table, a dynamic absorber was applied 
to the underside of the table as shown 
in Fig. 5. The absorber consisted of 
two ten pound weights secured to a 
steel strip by a set screw. The steel 
strip was supported at the middle by 
a bracket attached to the table. After 
tuning the absorber by moving the 
weights to a position where the natural 
frequency of the absorber was 750 os- 
cillations per min., the separator oper- 
ated with practically no motion of the 
table. 





Fig. 5—Reciprocating table for gravel separation fitted with dynamic absorber 
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STEEL TUBE FUSELAGES - V 


Detail Fittings for Controls and Armament 


HE outstanding factors in de- 
signing detail fittings for welded 


steel tube structures are accessi- 
bility for welding and proper balancing 
of cross-sectional areas at the joints. 


JAMES E. THOMPSON and T. A. LOWE 


Vultee Aircraft, Inc. 


These points and their effect on produc- 
tion were discussed in the preceding 
article (P.E. pages 28-32, Jan. 1941) 
which also included typical construc- 
tions for instrument panel, air and 


engine control mounting. This article, 
concluding the series, discusses correct 
and incorrect fitting design for electrical 
equipment, armament and furnishings. 


This series began in October 1940 P.E. 


Communication and Electrical Equipment 


CORRECT 


Weld will not pile up above. 

the flush line with this design. 
Welding time will be less,and | 
improved weld purchase obfained 


FIG.37 


INCORRECT 


Welds on flush side have a 
tendency to ‘pile up "above 
the plate.A weld at the rear 
would avoid this condition, 
but would be more difficu/t 
to make, due fo the deep, 
narrow vee. 


Structure 


tube 


~ Bracket 


CORRECT 


First bolt hole is located well 
away from weld bead ,and 
sufficient edge clearance is 
provided. The flange — H 
should bea minimum of біп. 
If designed for power brake 
forming. 


FIG.38 


CORRECT 


This design has sufficient 
clearance. The rounded end! can 
be formed without additional 
cost by — Strip stock and 
a radius cut-off die 


FIG.39 
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я э 
INCORRECT 


Weld bead A will interfere with 
bolt at first hole. Edge clear- 
ance B is insufficient as bolt 
hole may float * i6 in. on the 
face of the bracket due fo weld 
distortion. This is particularly 
important in cases involvinga 
series of related brackets which 
must be match-drilled after welding. 


INCORRECT 

Weld must be spot-faced to 
allow bolt or nut to sear. G 
dimension should be at least 
Yin. greater than the required 
spot-face radius,as We in. must 
be allowed for weld bead and 
the lug may shift the maximum 
of the t 6 in. welding tolerance. 





Operating units in the majority of 
this equipment are contained within 
metal boxes or cabinets, with circuit 
connections between the units being 
carried through conduit and junction 
boxes, in a manner similar to commer- 
cial electrical installations. Hence the 
bulk of installation provisions will in- 
volve suitable lugs and brackets for at- 
tachment of the various cabinets and 
junction boxes. Typical examples of 
these are shown in Figs. 37, 38 and 39. 
There will also be a few special installa- 
tion provisions encountered, but these 
are comparatively few, and can usually 
be solved by an adaptation of one of 
the mounting provisions shown. 


Armament 


The majority of armament installa- 
tions concerning the fuselage designer 
will involve the mounting of one or 
more synchronized machine guns to the 
tube structure forward of the front cock- 
pit. The actual mounting provisions 
required are fairly simple, as each gun 
is attached at the forward end of its 
receiver by a trunnion assembly com- 
prising a pivot-bolt and stirrup arranged 
to permit small vertical and lateral 
movements for sighting, and at the aft 
end of the receiver by a gun post assem- 
bly arranged for height adjustment. 
Both the trunnion assembly and gun 
post assembly are standard parts and 
require nothing more than sturdy 
bosses welded to the structure. 

Stresses incident to machine gun 
operation are high, particularly in the 
case of 0.50 caliber guns, and it is essen- 
tial that the supports for the guns either 
be welded directly to the basic fuselage 
structure, or to heavy truss members 
permanently welded to the basic struc- 


ture. (Continued on next page) 
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Pilot’s Seat 


Standard military-type pilot's seat 
is of the so-called bucket form, made 
from sheet aluminum alloy and sup- 
ported on two vertical guide tubes. Pro- 
vision is made for adjusting the height 
of the seat over a wide range and an 
adjustable safety belt is fitted to the 
seat. Attachment of the seat assembly 
to the fuselage structure is generally 
made by means of lugs similar to those 
shown in Fig. 28, Jan. P.E., holding 
anchor bolts passing through the upper 
and lower ends of the guide tubes. The 
installation provisions for a pilot’s seat 
are actually quite simple as shown in 
Fig. 40, and it is only necessary to bear 
in mind that the stresses imposed on the 


seat and its attachment lugs are high 
during maneuvers—requiring that the 
attachment lugs be welded to the basic 
fuselage structure, or to a heavy truss 
connecting to the basic structure, and 
that the fittings be so arranged that the 
entire assembly of seat and guide tubes 
can be removed by simply withdrawing 
the four anchor bolts. Passenger seats 
used in commercial aircraft are made 
in a variety of forms, although the ma- 
jority attach to support rails forming 
part of the cabin floor structure, in much 
the same manner as automobile seats. 
Floor support shown in Fig. 41 can be 
adapted to provide for installation of 
the majority of passenger seat designs. 


This design saves 50 percent of welding time required for the 
“incorrect "design, and will have less distortion from welding. 
Dimension B should be approximately equal fo flange width W unless 

B is Js in. or more. The dimension Lisa factor of weld access- 
ability, since width W should decrease as L increases, and vice versa. 


AA NN 


INCORRECT 


> 700 narrow 


Narrow edge burns n easily, requires extreme care during 


welding. The dimension 


/s too narrow fo allow seal-welding 


the tubes without 'piling"the weld bead, which increases welding 
time, slows production and increases warpage. If design will not per 
mif a minimum 8B dimension of % in., and where W mus! be Sá in. 
or more, itis best fo eliminate gap B and fit tube snug to angle fonge 





Threaded __ 


member 


CORRECT 


FIG 42 


2X dia permits threading before 

welding without danger of thread 
distortion during welding. Nipple 
may be either threaded from tube 
or bar stock -providing that tube 
has a heavy wall or that bar stock 
does nof exceed 76 in dia, unless 
rough drilled before welding 
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Threaded part will dis- 
tort if threading 1s done 
before welding; short 
length of nipple makes 
threading after weld- 
ing impractical 


USABLE 


INCORRECT on outside tube 


of two corners 





Pair of lugs for each tube 


Anchor bolt! | \ 
Side Elevation 


‘Longeron 


View 
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"Side Tube 





Lugs similar fo fhose 
shown af Fig.28(Jan.P E.) 


I FIG.40 


‘Longeron 


Furnishings 


All fuselage equipment items that 
do not properly belong in any of the 
classifications discussed are included in 
this group. The actual mounting re- 
quirements are as varied, but it will be 
found that application of logical reason- 
ing to each problem will permit adapta- 
tion of some one of the various brackets, 
lugs and clips shown here. Typical fur- 
nishings provisions are shown in Figs. 
41 and 42. A large number of furnish- 
ings installations involve the design of 
welded support assemblies intended for 
bolted or pinned connection to the basic 
structure. In Fig. 43, below, is shown 
a typical telescope tube splice, with the 
simple 30-deg. scarf splice indicated as 
the preferable form. The fish-mouth 


type of splice may be used where length t 
is to be saved, but is less desirable than t 
the simple scarf splice. i 

A group of typical welded steel tube ( 
terminals, together with a discussion ( 
of the relative merits of each, is in- 1 
cluded in Fig. 44, on the following s 


page. 


Double cuf necessary 


Requires more torch 
manipulation than 
other type because 
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PREFERABLE 


Only one cut necessary 
on tube cut from mill 
stock: easily welded 


FIG.43 
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CORRECT 


Satisfactory coupling for engine mounts. 
If angle A does not exceed 30° this joint 
may match the tensile strength of the tube. 
Eccentricity with respect to the bolt is 
easily prevented for wide ranges of A. 





Satisfactory where a wide hinge is required. 
Angle A of hinge axis with respect to tube 
axis may vary over wide range. 


INCORRECT 
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Requires an excessive amount 
of cold working and too many 
welding operations. 


Pinched end, even with suitable rein- 
forcing sleeve, may crack at the bend 
as a result of cold working or fatigue. 


TYPICAL WELDED STEEL TUBE TERMINALS 






Satisfactory up To 30° angle of bend Avoid 
terminating welding at opposite ends of 
the same section of the tube. 


FIG. 44 


Welded plug end is generally satisfactory. 
Abrupt changes of cross section should be 
avoided by notching tube and shaping plug. 








Has unsatisfactory resistance to 
fatigue and moments caused by 
load of adjoining parts. 





Satisfactory where a fixed end condition 
is desired. 





Tube cracks 
liable to 
occur here 


- 





Not strong in compression. In 
heavy service it fails by crushing 
under spacer. 


General Design Considerations 


From the foregoing it can be seen that 
the detail fittings required for installa- 
tion of equipment апа furnishings 
items fall into six basic classifications: 
(1) lug; (2) bracket; (3) stirrup; 
(4) socket; (5) boss; (6) rail or chan- 
nel. Study of the “incorrect” examples 
shown will reveal that the factors ren- 
dering these undesirable are lack of 
proper consideration of: (1) weld 
access; (2) joint balance; (3) welding 
tolerances; (4) stock allowance; (5) 
drainage; (6) sealing of tubes; and 
(7) practicability of fabrication. If 
proper attention is givén to these gen- 
eral factors the designer will find the 
creation of practical welded fittings 
comparatively simple. 

In the case of the tube splice shown 
at Fig. 43, a somewhat different appli- 
cation of the joint balance factor exists, 
as herein it is desirable not only to 
select tubes which have a reasonably 
similar wall thickness, but also to select 
a wall thickness for the outer tube that 
will permit a neat slip-fit for the inner 
tube. If this is done there is no necessity 
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of machining contact surfaces of either 
tube prior to welding, and alignment 
and concentricity between the tubes will 
be taken care of without the necessity 
of elaborate tooling or jigs. 

Stock allowance, in the sense that it 
is used here, has a dual function. It in- 
volves the allowance of stock sufficient 
to permit hole centers to “float” at least 
їз in. in any direction with relation to 
the outside edges of the part and still 
have sufficient edge distance or clear- 
ance after welding. Also, the stock 
allowance should be sufficient in all 
cases to permit welding without danger 
of burning away thin projections or 
“ears.” This factor is shown in many 
of the “incorrect” examples, and while 
it is possible to weld very thin projec- 
tions, this practice is undesirable from 
a production standjoint as special care 
must be used to protect the members 
from burning during welding. 

It is absolutely necessary to avoid 
pockets, and the like restricted areas, 
wherein moisture might be trapped and 
corrosion occur, and the factor of pro- 


viding adequate drainage should be con- 
sidered during the design of welded fit- 
tings. This is particularly important 
in the case of military airplanes wherein 
standard maintenance procedure in- 
volves steam-cleaning of the majority of 
the airplane structure at regular 30-day 
intervals. 

Inside surfaces of tubular members 
must be coated with a corrosion pre- 
ventative, usually boiled linseed oil, and 
this requires tubular structures to be 
designed with sealed ends for retention 
of the oil film. Standard procedure for 
the treatment of tube interiors involves 
drilling small holes in locations which 
will permit circulation of heated oil 
throughout the interior of the tube 
member or structure. Holes drilled in 
exterior surfaces for this purpose are 
closed after oiling by drive screws or 
other suitable means. 

Designing for simple, practical fabri- 
cation is important as nothing slows 
down production more than the neces- 
sity of elaborate, complicated tooling, 
which in most cases can be avoided. 
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DESIGN OF Co-Cr-W PARTS 


For Abrasion, Heat and Corrosion Resistance 


LLOYS of cobalt, chromium, and 

tungsten in the form of high- 

speed metal-cutting tools, and 
also in welding rods for hard-facing 
metal parts which are subjected to 
abrasive wear, are well known. In 
recent years, however, these alloys in 
the form of special castings and forg- 
ings have been developed to meet the 
demand of other services where condi- 
tions of severe abrasion are present, 
often accompanied by corrosion or heat 
or by both. 

Cobalt - chromium - tungsten. alloy 
specialties are made to the designer's 
specifications, the parts are cast to close 
tolerances, then ground, lapped, or 
polished to the required degree of sur- 
face finish. Castings as small as phono- 
graph needles and as large as 10-lb. 
punches are made from one of these 
alloys. Forged or rolled products, such 
as cutting-machine knives, are hot- 
rolled from one of the “softest” grades 
of the alloy ( Brinell hardness, 375-425), 
but the majority of products are cast 
of the harder grades. Some special- 
ties are fabricated into composite parts, 
wherein the alloy is brazed to a steel 
base in a manner such that the alloy 
surface is exposed to the abrasive or 
corrosive conditions to be encountered, 
yet the steel forming a large percentage 
of the volume of the part, serves as a 
tough strong backing. The cost of the 














Special Brinell Hardness Number 





Fig. 1 —Hardness of M alloys, showing 
. (1,112 F.) temperature 


retention of hardness above 600 deg. 
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part is also reduced by using steel as 
a backing. 

In many applications, because of the 
inherent hardness and high abrasion 
resistance of the cast cobalt-chromium- 
tungsten alloys, solid castings of these 
alloys have replaced special steel cast 
parts. 

The greater hardness possessed by 
the cast alloy—from 4 to 8 points on 
the Rockwell C scale—than that of the 
hardest standard grade of hard-facing 
alloy in the as-welded condition, often 
justifies specifying castings in place of 
steel parts hard-faced with a coating, 
edge, or point of welded cobalt-chro- 
mium-tungsten alloy. Castings also 
have a longer wearing life than hard 
faced parts. The wearing surface of 
solid cast parts also has a backing 
which will not mushroom under impact. 

Physical properties of the common 
alloys are given in Table I. An im- 
portant physical property, as shown by 
curves in Figs. 1 and 2, is the alloy’s 
retention of hardness at temperatures 
above 600 deg. C. or 1,112 F. This 
means that surface layers of the mate- 
rial remain hard and resistant to 
abrasive wear when heated to high 
temperature by friction and pressure. 
As the alloys are practically un- 
affected by heat-treatment, their recov- 
ery hardness after being heated into 
the red-heat range and then cooled to 


room temperature is practically con- 
stant with respect to temperature. 

The values shown in Fig. 1 were 
obtained by subjecting %-in. square 
samples to the temperature indicated 
for % hr. The hardness values were 
then measured at these temperatures. 
These same samples were then allowed 
to cool to room temperature and the 
hardness, as indicated in Fig. 2, was 
remeasured after sufficient time had 
elapsed to assure their becoming thor- 
oughly cooled. 

The cobalt-chromium-tungsten alloys 
also possess excellent resistance to cor- 
rosion from many of the commonly- 
used chemicals. Penetration resistance 
data of the cobalt-chromium-tungsten 
alloys are listed in Table II, the values 
are the results of laboratory tests on 
some of the most widely used grades. 
All results are expressed as the rate 
of penetration in inches per month, 
calculated from loss of weight after a 
15-hr. test run. The concentration of 
the solutions are expressed as percent- 
age by weight. 

It should be remembered when using 
the values of physical and chemical 
properties and penetration-test results, 
that they are averages and average 
ranges obtained with a limited number 
of specimens. Slight variations from 
the values given may sometimes be 
observed in a single specimen. The 
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Fig. 2—Recovery hardness after cooling from temperatures up 
to 1,000 deg. C. (1,832 F.) of samples tested for Fig. 1 data 
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data do serve, however, as a guide for 
te engineer or designer when planning 
to use these materials in proposed 
equipment. 

surfaces of cobalt-chromium-tungs- 
ten alloy, when polished or lapped, take 
a high mirror-like finish which is not 
destroyed by atmospheric action or by 
many other agents that corrode some 
metals. 

The permanence of the polished sur- 
face makes these alloys desirable ma- 
terials for reflecting surfaces. Reflectors 
for scientific instruments are fabricated 
from the cast or rolled alloy. Mirror 
surfaces of this material reflect 68 to 
83 per cent of light, depending upon 
the wave length. While the reflectiv- 
ity values are somewhat lower than 
those for silver, these alloys are often 
more suitable because of their greater 
resistance to scratching and tarnishing. 

Another property of these alloy sur- 
faces is a low coefficient of friction. The 
average coefficient of friction of dry. 
polished surfaces, measured by the 
angle of repose is 0.11 to 0.13; for 
ground surfaces, the coefficient is 0.13 
to 0.15. Because of these low values 
pump packings last longer when in 
contact with finished alloy surfaces 
than with ordinary rod surfaces, also 
less heat is generated. Wherever lubri- 
cation is impossible or unreliable, the 
low coefficient of friction and freedom 
from corrosion of these alloys, com- 
bined with their ability to take a high 
polish and retain it, are of great value. 
Bushings of many sizes and shapes are 
made of these alloys because of im- 
proved wearing qualities. These alloys 
working against case-hardened steel on 
bearing surfaces have given excellent 
results. 

Bushings for coal stokers and roller 
guides for hot steel in steel mills are 
other parts made of cobalt-chromium- 
tungsten alloy to withstand abrasion 
and heat. Another specialty casting 
exposed to continuous high tempera- 
tures is a “burning element” used in a 
machine for stripping the insulation off 
covered wire. In all these instances. 
the use of these alloy parts has solved 
difficult problems. 

A common method of attaching spe- 
cialty alloy parts to steel is by braz- 
ing; wear strips for driving, pilot, and 
boring bars are typical examples. 
Welding is sometimes used to make 
composite parts such as pump rods; 
cast alloy rods for taking the wear can 
be welded onto either Monel or steel 
rod extensions. Electric butt-welding 
is also employed for fabricated steel 
and alloy parts. Silver-soldering is 
employed to attach rolled alloy shield- 
ing strips to the blades of low pressure 
steam turbines. 

(Continued on next page) 
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Table I — Physical Properties of 
Cobalt-Chromium-Tungsten Alloys 





| 
“ HAYNES STELLITE ” ALLOY 





ROPE 
"m Cun ideni. ROLLED No. 6 
„т TT METAL 

Specific gravity, g. per cu.cm.............. 8.76 | 8.38 
МАШЫ ИШ. ФИ ccc occ cee nc cine | 1,270 . ,215 
Tensile strength, lb. per sq.in.............. 65,000 130,000 
Elongation in 2 in., percent............... | 0 2 
Hardness, Rockwell C.................... | 61 40—45 
Magnetic permeability at 200 oersteds..... | less than 1.2 less than 1.2 





Table II — Chemical Properties of 
Cobalt-Chromium-Tungsten Alloys 


| | | PENETRATION INCHES 
| | | PER MoNTH 





















































Test | SOLUTION Temp. “ HAYNES STELLITE ” ALLOY 
| T 
| | Хо. 1 Хо. 6 
In wet chlorine*....... | Saturated | Room temp. | Not measurable | 0.026 
vapor | | 
| Room temp. | Not measurable 0.00034 
. 2o sci 07 Zi ا‎ | а 
In sulphuric acid 10% | Boiling 0.019 | 0.541 
| | point 
In sulphuric acid 11% | Boiling | 0.102 Sample 
| point | destroyed 
In nitric acid 10% | Boiling | 0.0003 Not 
| point | measurable 
In nitric acid | Concentrated | Boiling 0.022 0.172 
| | point | 
| | Room temp. | 0.002 0.018 
ааай | = Б | NR a 
In hydrochloric acid | 10% Boiling 0.287 0.176 
point | | 
In hydrochloric acid | Concentrated | Boiling 0.036 21.0 
| point 
In phosphoric acid | 30€; Boiling 0.0017 0.00014 
In acetic acid | 104; Boiling Not measurable 0.00024 


0.0000 


Not measurable | 0.0095 


In acetic acid | Concentrated | Boiling Not measurable 


Room temp. 





In ferric chloride | 10% 






































| Boiling | 0.0063 0.172 
| | point 
| | Room temp. | Not measurable | 0. 051 
arie e ide | O7 n - - s as 
In ferric chloride | 30% Boiling | 0.10 | 0.515 
| point | | 
| | Room temp. | Not measurable | 0.0081 
` ice 1 07 سا‎ —— — 
In cupric chloride | 104; Boiling | 0.069 0.213 
| | point | | 
| | Room temp. | Not measurable | 0.032 
> n n sda 07 ا‎ —— ы 
In cupric chloride | 30% | Boiling | 0.106 0 777 
| | point | 
| | Room temp. | Not measurable | 0.0001 
TiC 8 ate | 07, —— ا‎ x ni A 
dio sulphate | "A Boiling | Not measurable | 0.00017 
point | 
In sodium hydroxide | 30% Boiling | 0.0010 | 0.0037 
| point | | 
و - ساس ——— پووج چ‎ еннен 
In potassium | 20% | Boiling | Not measurable | 0.00017 
bichromate | | point | | 


* Samples suspended in sealed bottle through which chlorine gas is constantly 
bubbling. 
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Cored casting cast to close tolerances 
so that internal finishing operation is 
not required. Finished surface is ob- 
tained by grinding. 


€an machine parts cast of wear- 
resistant cobalt-chromium-tungsten al- 
loy to obtain long life at high speeds. 
Reduction in machine downtime makes 
use of alloy parts economical. Alloy 


specialties are suitable for many ma- 
chine parts subjected to abrasion. 


Ss 


Teeth for sewage comminutors must 
be resistant to both corrosion and abra- 
sion. Several dozen of these intricately 


shaped castings shred the material as 
it passes through the comminutor. 
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Cast bushing with cylindrical core 
having necks, large diameters of which 
are as-cast, small internal diameters are 
finish-ground to dimension. Designed 





Alloy valve seats for ball-type valves 
installed in oil well pumps and allied 
equipment are subjected to the corro- 
sive action of sulphur compounds con- 
tained in the crude oil, and also to the 
abrasive action of sand carried by the 


oil. Cobalt-chromium-tungsten alloy 
we Uam г, сж о са". 








Alley sleeve used on a 12 in. strain- 
er bearing, which resists the corrosive 
action of solutions being strained and 
also the abrasive action of particles 
passing through the strainer. 
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with a minimum of finished internal 
surface to shorten grinding time that 
would be required by a bushing with 
straight core. 





cast parts give long service. These 
alloys, because they are resistant to 
both abrasion and heat, are also used 
in services where abrasion is combined 
with heat in services which with most 
metals increase severity of the wearing 
action. 





Cylinders and piston for babbitting 
machines are a typical example of heat- 
resistant parts. These parts resist the 
heat and corrosive actions of molten 
babbitt in a casting machine. 
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Forged alloy dental instruments 
are corrosion-resistant, easy to clean 
and stainless. The alloy possesses suf- 
ficient strength to permit the instru- 
ments being made with thin sections. 


Core molds, dies and other parts 
used in dry cell battery manufacture, 
cast from cobalt-chromium-tungsten al- 


loys in order to resist wear and corro- 
sion, have been used for some years. 
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Burnishing roller made of cast co- 
balt-chromium-tungsten alloy. Surfaces 
of this alloy when polished or lapped, 
take a high mirror-like finish which is 
not affected by the atmosphere. This 


The alloy is so highly resistant to chem- 
ical action that in some applications 
the parts retain a high polish and 
smooth surface even after years of such 


service. Like the battery mix knives 





property has led to the use of the alloy 
for burnishing tools which impart by 
rolling under pressure a smooth hard 
surface to car axles and locomotive 
crank pin journals. 





which must be finished to close toler- 
ances and retain these tolerances for 
satisfactory manufacturing operations, 
most of these parts are subjected to 
abrasion and corrosion. 
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A Case Study on Training Planes 


HEN it is considered that a 

typical training plane may 

consist of 104,233 separate 
parts—1 motor, 22,170 piece parts, 8,211 
nuts, 2,871 bolts, 5,157 screws, and 
65.823 rivets—it is not hard to believe 
that from 6 to 8 percent of the total fac- 
tory payroll was spent on engineering 
research and testing. For that is the 
figure given by North American Avia- 
tion, Inc., in their analysis for PRODUCT 
ENGINEERING of engineering costs and 
procedures for a new two-place ad- 
vanced training plane design. Although 
generalizations on the topic of aircraft 
research and design are somewhat less 
reliable than the weather, certain basic 
procedures, facts and figures will be 
outlined in this case study. But it must 
be understood that divergence from 
these procedures is more often the rule 
than the exception. All data given in 
this article are for the aircraft only; no 
attempt is made to include engineering 
costs for the aircraft engine. 

To present an overall figure, total 
engineering time was 7 percent of the 
shop labor hours for an order of 200 
training airplanes. If the same airplane 
were built in a quantity of 1,000 instead 
of 200, engineering hours would prob- 
ably drop to about 2 or 3 percent of 
total factory labor hours—a decrease 
which is of considerable significance as 
the defense program leads to larger or- 
ders. In these percentages, only those 
factory hours directly charged to the 
contract are included. 

Of every 100 men employed on this 
contract, 8 are engineers. The complete 
percentage breakdown is: 


Engineers 8 
Service and management 16 
Machinists 1 
Welders 3 
Sheet metal workers 16 
Riveters 19 
Pattern, die and toolmakers 9 
Inspectors 

Fabric stitchers 2 
Painters and finishers 2 
Mechanics and assemblymen 13 
Platers and processors 2 


In studying the allocation of the engi- 
neering man-hour costs, it is necessary 
first to understand the procedure fol- 
lowed by the engineering department in 
the design of a new plane. This falls 


10 





NORTH AMERICAN AVIATION, INC. 


into three divisions: preliminary design, 
project engineering, and flight testing. 
Generally speaking, preliminary design 
comprises approximately 5 to 10 per- 
cent of the total engineering hours ap- 
plied to a production airplane. This in- 
cludes all time accumulated in the pre- 
contract stage. The percentage men- 
tioned is based on the assumption that 
no experimental airplane is built, and 
that the research design group works 
to a general Air Corps specification. 
Often manufacturers build an experi- 
mental airplane “on speculation”; this 
procedure obviously changes the entire 
research and design picture. 

Under Standard Air Corps practice, 
a bid specification is sent to manufac- 
turers concerned, stating within definite 
limits the type and performance require- 
ments. From this point, the steps in 
preliminary design are traced. 


Preliminary Design 


l. Preliminary design group studies 
the Air Corps specification and prepares 
a digest of salient requirements. 

2. A preliminary determination is 
made of the weight, wing area, and 
arrangement of general features. 

3. On the basis of the preliminary 
determination, a revised weight check 


DoucLAs AIRCRAFT COMPANY 
bases the following costs on ac- 
tual development and construc- 
tion of four representative air- 
planes averaged down and made 
applicable to an airplane of 
25.000 lb. or a medium-sized 
bomber. Overhead is included. 


DOLLARS PERCENT 


Engine and loft 251,000 26.9 
Tooling 53,700 5.8 
Shop Labor 404,000 43. 
Material—raw 86,600 
Government fur- 

nished 48,500 
Flight test 31,900 
Wind tunnel 14,300 
Miscellaneous 4,000 
Administrative 40,000 


Total - 439,000 


is made and the balance investigated. 

4. A preliminary performance check 
is made, using several alternate engines 
as a basis for calculation. 

5. An inboard profile drawing and a 
standard three-view drawing are pre- 
pared, subject to revision. From this 
stage onward, several variations of de- 
sign may be carried through each opera- 
tion and incorporated in the final bid 
data. Therefore the time accumulation 
in the remaining steps will be directly 
proportional to the number of alter- 
nates established, and to the extent in 
which they differ from the basic design. 
It is not unusual for as many as 75 
alternates to be submitted with a bid 
on a given type. 

6. Individual studies are made to de- 
termine the preliminary design of land- 
ing gear, power plant installation, arma- 
ment and cockpit arrangement. 

7. Revised weight and balance calcu- 
lations are prepared incorporating the 
results of all research to this point. 

8. A company specification and art- 
15178 sketch of the proposed type are 
prepared. In some instances a prelimi- 
nary mock-up of the type is constructed. 

9, A check is made on the structural 
design and preliminary layouts of 
wings and fuselage are prepared. 

10. Final inboard profile and a cor- 
rected three-view drawing are made. 

11. Required proposal drawings are 
made, usually including the following 
components and installations: arma- 
ment, power plant, wing, fuselage, land- 
ing gear, empennage, communicating 
equipment, pyrotechnics and miscella- 
neous installations. 

Normally the work of the preliminary 
design group ends at this point, and all 
data and drawings are assembled and 
submitted with the firm's bid. 


Project Engineering 


Assuming that the bid is accepted 
and an order is placed, all data are 
immediately turned over to the project 
engineer, who proceeds somewhat as 
follows: 

l. Study of changes in preliminary 
design requested by Air Corps. 

2. Construction of a wind-tunnel scale 
model if wind-tunnel tests are desired. 
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?. Construction of a final mock-up for 
Air Corps approval. 

|. Prepare final approved drawings. 

5. Assignment of various components 
to design groups by the project engi- 
neer. The work of these groups is di- 
rected and coordinated by the project 
engineer. Permanent groups under in- 
dependent direction handle power plant 
design, electrical and instrument design 
and hydraulics design, but the project 
engineer coordinates these special 
phases, and also directs the groups es- 
tablished for detail design of wings, 
fuselage, empennage, surface controls. 

6. Detail design of parts and assem- 
blies by the various design groups. 

7. Construction of power plant test 
stand and execution of engine tests for 
approval of installation and cooling 
arrangements. 

8. Structural tests on test specimens. 

9. Construction of a static test air- 
plane simultaneous with the construc- 
tion of the prototype airplane. 

10. Final weighing and inspection of 
all components. 

11. Flight testing. 

12. Minor changes to facilitate pro- 
duction. 

Although the outline above roughly 
covers the work of the project group, it 
does not tell the whole story of concen- 
trated engineering research which must 
be coordinated before the first airplane 


Non- 
Metallic 


MATERIALS DOLLAR 


Materials that go into the 


training plane studied 


MATERIALS PERCENT 
Sheets 32 
Bars 20 
Extrusions 
Tubing 

Castings 
Forgings 

Fabric 

Plastics 

Rubber 

Wire and Cable 
Miscellaneous 


| 
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goes up for flight tests. Several other 
independent groups work concurrently 
with the project group. 

One of these groups is the weights 
group, which maintains a continuous 
weight and balance check during actual 
assembly of the prototype airplane. As 
parts and assemblies are designed, they 
are investigated by the stress group. 
which also conducts physical tests on 
specimens whenever necessary. All de- 
tail drawings are examined by the 
checking department. Still another part 
of the coordinated engineering task is 
accomplished by the research labora- 
tory, where chemists and metallurgical 
engineers work constantly in an effort 
to improve materials and production 
processes. 

When the prototype airplane is 
finally in the air—which may be weeks 
or may be months from the date the 
bid became a contract, depending upon 
the type of airplane and upon a thou- 
sand other factors—there begins a se- 
ries of flight tests which are pretty cer- 
tain to reveal any miscalculations which 
might have passed the preliminary de- 
sign group, the project group, and the 
various other research and checking 
groups. Because no science is om- 
niscient, an airplane has rarely if ever 
been designed to perfection before tak- 
ing the ultimate test of all science— 
physical demonstration. 


Flight Tests 


Manufacturer's flight tests on a U. S. 
Army Air Corps Advanced Training 
type usually begin with cooling tests at 
maximum power and cruising power in 
level flight and climb. 

Next, performance is tested, using 
maximum power in level flight to deter- 
mine high speed, and using maximum 
power in climb to determine the time 
required to climb to a given altitude, 
the service ceiling, and the maximum 
rate of climb. At cruising power in 
level flight, the pilot records cruising 
speed, from which endurance and range 
are calculated. Landing speed is 
checked by actual landings with full 
flaps, and a motion picture is taken 
from which aerodynamicists quickly 
compute the distance required to land 
after passing over an obstacle 50 ft. 
high, and the distance required to take 
off over a 50 ft. obstacle. 

Maneuver tests on a training type 
usually consist of a power dive to 6 G’s, 
right and left five-turn spins, and stalls 
—as well as other military maneuvers. 
From this series of maneuver tests, the 
experienced pilot is often able to sug- 
gest minor design changes which will 
improve handling characteristics. Any 
structural weaknesses will inevitably be 
revealed in the tests, which subject the 


ship to strains far higher than any 
that will be encountered in normal mili- 


tary service. 


Engineering Time 


The total engineering time spent in 
the design of the airplane includes time 
spent in drafting, clerical, stress, check- 
ing, weights, tracing, aerodynamics and 
project engineering. In this typical 
case, drafting man-hours comprised ap- 
proximately 52 percent of the total 
engineering man-hours. A breakdown 
of total engineering time by percentages 
follows: 


Drafting 52 
Clerical 23 
Stress analysis 6 
Checking 7 
Weights 3 
Tracing 4 
Aerodynamics 2 
Project engineers 3 


It is apparent from these percentages 
that comparatively little research was 
necessary, as demonstrated by the low 
percentage shown for aerodynamics. 
The type under consideration was a 
training airplane which followed, in 
general, the design of a type previously 
built, and therefore the picture pre- 
sented would be entirely different if a 
totally new design were used for the 
comparison. 

Drafting man-hours can in turn be 
broken down into the time spent on 
engineering the component parts of the 
airplane. Percentage figures are: 


General airplane 7.9 
Wing 19.0 
Empennage 5.1 
Fuselage 14.7 
Landing gear 15 
Power plant 21.7 
Fixed equipment 3.1 
Electrical 8.3 
Radio 4.7 
Armament 0.3 
Instruments 3.6 
Surface controls 3.4 
Hydraulics 6.7 


These figures are for a relatively sim- 
ple type of training plane. The engi- 
neering time required to design the 
more complicated types of fighting 
planes must necessarily be much 
greater. Using as a base the total 
engineering time required to design a 
two-place advanced training monoplane 
of the type built by North American 
Aviation for the U. S. Army Air Corps, 
it can be estimated that twice as many 
hours would be required for a single- 
engine fighter, that four times as many 
hours would go into the design of a 
twin-engine bomber, and that eight 
times as many hours might be required 
for the design of a four-engine strates- 
phere bomber. But such estimates can 
be only guesswork unless all details of 
a definite specification are known and 
studied. 
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CASTINGS AND FORGINGS fy 


ERNEST GEIGER 


IN DESIGNING for castings, forgings and 
stampings, the many simple little de- 
tails that make shop operations easier 
and cheaper should be carefully checked 
for correctness. Rights and wrongs 
of many of these details are illustrated 
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the change of a contour—they may re- 
sult in large savings in time, materials 
and tools. Similar articles covering the 
small details in designing for machining 
and assembly will appear in later num- 
bers of Propuct ENGINEERING. 
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FATIGUE TEST RESULTS 


Their Use in Design Calculations 


E. C. HARTMANN 


Research Laboratories, Aluminum Company of America 


HE DESIGN of almost all 

strength members is based pri- 

marily on a consideration of sta- 
tic loads. Even if impact loadings are 
encountered, they are reduced to equi- 
valent static loads for purposes of de- 
sign. When a member is to be subjected 
to many cycles of repeated load in serv- 
ice, however, there is no easy method 
of reducing the design problem to one 
of simple static loading and the engi- 
neer, if he does not ignore the repeated 
loadings entirely, may simply compare 
the endurance limit of the material with 
the static design stresses. 

The shortcomings of the above ap- 
proach to the fatigue problem in de- 
sign can perhaps best be made appar- 
ent by an example. Suppose a struc- 
tural engineer is designing a bridge 
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floor member built up of silicon steel 
plates and shapes riveted together to 
form a plate girder. Calculations show 
that during its service the member may 
be subjected to one or two million 
cycles of high stress and therefore 
might well be checked from the stand- 
point of fatigue action. A value of 
one-half the tensile strength, or about 
42,000 lb. per sq. in. is considered 
representative of the endurance limit 
of silicon steel. The accepted tensile 
design stress for the material is 24,000 
lb. per sq. in. Dividing the endurance 
limit by the design stress, gives a fac- 
tor of safety of 1.75 against failure by 
fatigue, which probably seems ade- 
quate. 

This analysis is entirely superficial 
and may be misleading. The endur- 


ance limit which the engineer has used 
is based on tests of polished specimens 
free from all “stress raisers” such as 
holes, nicks, mill scale and the like, 
many of which are present in the 
girder and lower its-resistance to fa- 


tigue. On the other hand, the endur- 
ance limit selected represents com- 
plete reversal of tension-compression 


stress, whereas the tension flange of 
the girder is probably never stressed in 
compression and may even have an 
appreciable dead load tension stress 
which represents the minimum stress 
in each cycle. Furthermore, the en- 
durance limit is based on ten million 
or more cycles of stress while the 
girder will receive but a fraction of this 
number of cycles of high stress. 

The foregoing example shows how 
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the fatigue test results can be misused 
by applying them to cases in design 
where the conditions of the test do not 
{т the service conditions. To guard 
against making such faulty fatigue 
analyses of design problems various 
factors should be given consideration. 
Some of these factors are: 

l. Stress range under consideration. 

2. Number of cycles. 

3. Condition of the surface of the 
metal. 

1. Influence of holes, notches, re- 
entrant corners, and other points of 
stress concentration. 

5. Effect of plastic action at stresses 
above the elastic range. 


Stress Range 


By far the most common types of 
fatigue tests are those which involve 
complete reversal of tension-compres- 
sion stresses. They are made in ro- 
tating-beam machines or reverse-bend- 
ing machines and sometimes in direct 
tension-compression machines. The re- 
sults of such tests are not directly ap- 
plicable to design problems unless the 
stress range in the strength member 
under consideration is also one in- 
volving complete reversal of tensional- 
compression stress. Railroad car axles 
which rotate in the journals so that 
the various extreme fibers pass alter- 
nately through tension and compres- 
sion, are an example of the type of 
problem to which fatigue data on com- 
plete reversal of flexural stress may 
apply directly. Many strength mem- 
bers, however, do not fall into this 
classification but are so loaded that 
their normal stress cycle is from zero 
to some maximum stress in tension or 
compression. Other members have an 
appreciable dead load stress upon 
which the live load stress is super- 
imposed and the stress cycle is there- 
fore from some low value of ten- 
sion to some higher value of tension, 
or from some low value of compression 
to some higher value of compression. 
Occasionally a member is found in 
which the dead load stress is of one 
sign while the live load stress is of 
the opposite sign so that the stress 
range may be from some low value of 
compression to some high value of ten- 
sion or vice versa. 

In each case it is important that the 
fatigue data used be for a stress range 
reasonably close to that for which the 
member in question is being designed. 
Data on stress ranges other than com- 
plete reversal are usually obtained in 
some form of direct tension-compres- 
sion fatigue testing machine, one type 
of which has been described by R. L. 
Templin (Ref. 1). Although such 
data are not readily available for all 
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engineering materials, certain relations 
between the fatigue strengths for va- 
rious stress ranges have been estab- 
lished (Ref. 2) and may be used to 
approximate the fatigue strengths of 
metals for stress ranges other than 
complete reversal, provided the results 
of tests made in complete reversal are 
available. For example, for many 
steels, the endurance limit for a stress 
range from zero to maximum tension 
is about 50 per cent higher than the 
endurance limit for complete reversal 
of tension-compression stresses. The 
fatigue strengths of several aluminum 
alloys for a number of different stress 
ranges have been published in Table 6 


of the Structural Aluminum Handbook 
(Ref. 3). 


Number of Cycles 


The principal purpose of most fa- 
tigue investigations has been to estab- 
lish an endurance limit, that is, “a 
limiting stress below which metal will 
withstand without fracture an in- 
definitely large number of cycles of 
stress” (Ref. 4). The limiting stress 
below which a metal will withstand 
without fracture any given number of 
cycles less than that defining the en- 
durance limit is called the fatigue 
strength of the metal at the particular 
number of cycles under consideration. 
Often the fatigue strength at some rela- 
tively low number of cycles is more 
important than the endurance limit 
of the material because in many ap- 
plications the number of cycles of 
stress encountered is considerably less 
than that defining the endurance limit. 
For most steels it has been found that 
the endurance limit can be established 
without continuing the tests much be- 
yond ten million cycles. For most 
non-ferrous metals it is common prac- 
tice to conduct the fatigue tests out 
to five hundred million cycles in order 
to establish their endurance limits. If 
all other factors are properly evaluated, 
it is ultra-conservative to use an en- 
durance limit when analyzing a mem- 
ber which will not in service receive 
the large number of cycles of stress 
represented by the endurance limit. 

Fatigue data are often plotted in 
the form of S-N curves in which the 
stresses are plotted as ordinates using 
a Cartesian scale and the numbers of 
cycles are plotted as abscissae using 
a logarithmic scale. When such curves 
are available, it is a simple matter to 
select the fatigue strength correspond- 
ing to any desired number of cycles. 
When only the endurance limit is 
quoted, however, it is difficult to es- 
timate the fatigue strength at any 
smaller number of cycles. The fatigue 
strengths for several aluminum alloys 


are tabulated in the Structural Alu- 
minum Handbook (Ref. 3) for num- 
bers of cycles ranging from one hun- 
dred thousand to five hundred million. 

It is often difficult to predict the 
number of cycles to which a given 
strength member is likely to be sub- 
jected in service. In general, there 
seems to be more of a tendency to 
overestimate than to under-estimate the 
number of cycles. One reason for this 
is that some of the cycles of stress to 
which a member may be subjected are 
of no importance because the stresses 
are relatively low. The only cycles 
which should be counted, ordinarily, 
are those at stresses equal to or 
closely approaching the maximum for 
which the member is designed. In the 
case of the floor members of a high- 
way bridge, for example, the design 
is often based on a loaded 20-ton truck, 
and the number of cycles used should 
equal the number of loads equivalent 
to a loaded 20-ton truck which may 
pass over the member. Many millions 
of vehicles may pass over the member 
during the life of the bridge but rela- 
tively few of these, alone or in com- 
bination, will produce stresses as great 
as that for which the member was de- 
signed. 


Condition of Surface 


Most fatigue tests are made on pol- 
ished specimens in which every ef- 
fort is made to eliminate “stress 
raisers.” Fatigue strengths determined 
using such specimens, of course, do 
not apply directly to strength mem- 
bers which do not have such a perfect 
surface. Scratches, nicks, mill scale, 
and other surface imperfections reduce 
the fatigue strength of the metal ap- 
preciably and some allowance for this 
should always be made in applying 
fatigue test results to actual design 
problems. German tests indicate that 
the endurance limit of mild steel is re- 
duced about 10 per cent simply by 
leaving the mill scale on the surface 


(Ref. 5). 
Points of Stress Concentration 


Stress concentrations at holes, re- 
entrant corners and other discontinu- 
ities of section can be taken into ac- 
count in design in several ways. One 
way is to treat them as if they reduced 
the fatigue strength of the material, 
and to try to find a reduction factor 
by reference to published data. This 
method is likely to lead to rather large 
errors because one is tempted to gen- 
eralize too much about the effect of 
different types of discontinuities on fa- 
tigue strength and also overlook the 
fact that a reduction factor applicable 
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Fig. 1— Distribution of stress produced 
by a load on a pin in a plate 


in one range of cycles may not apply 
in another range. 

Another method of taking stress con- 
centrations into account in design is 
to evaluate the magnitude of the maxi- 
mum stress at the point of stress con- 
centration and use this value rather 
than the nominal calculated stress in 
the fatigue analysis of the member. 
Many theoretical and empirical inves- 
tigations have been made to determine 
the magnitudes of the maximum 
stresses for typical cases of stress con- 
centration and the results are usually 
expressed in the form of stress con- 
centration factors. Maximum stresses 
computed by the use of such stress 
concentration factors can, in certain 
limited cases, be used with suitable 
fatigue strength curves for the metal 
to determine the life of a strength mem- 
ber. An example of this approach to 
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the fatigue problem is given later in 
this paper. Other examples are to be 
found in papers by R. E. Peterson and 
A. M. Wahl (Ref. 6 and 7). 


Plastic Deformation 


At points of stress concentration the 
maximum stresses may readily exceed 
the normal elastic range of the material. 
Stressing a ductile material beyond 
the yield strength, whether locally or 
generally, is not injurious to the 
static load-carrying capacity of the 
metal. When the plastic deformation 
or yielding is highly localized, as at 
points of stress concentrations, the 
yielding of the material is often highly 
beneficial from the standpoint of fa- 
tigue. The plastic deformation or 
yielding reduces the intensity of the 
maximum stress appreciably below 
what it would have been if the metal 
had been perfectly elastic. 

In Fig. 1 is shown the stress dis- 
tributions resulting from a sequence 
of loads applied to a tight-fitting pin 
or rivet in a round hole in a plate. 
The right-hand portion of the figure 


shows the conditions which exist in a 
high yield-strength material in which 
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none of the stresses exceed the elastic 
range. The left-hand side of the figure 
represents the conditions which would 
exist for the same loadings іп a lowe: 
yield strength material. In loading | 
the load on the pin is not sufficient to 
stress either material beyond its elastic 
range and hence the stress distribution 
is identical for both materials. In load- 
ing II the initial load has been re- 
leased and both materials have re- 
turned to their original unstressed con- 
dition. 

In loading III the load on the pin 
is twice as great as that applied in 
loading I. The stresses in the high 
yield strength material are all exactly 
twice those for loading I, but in the 
low yield strength material, the peak 
of the stress-distribution diagram has 
been rounded off because of plastic 
yielding of the material. In loading 
IV the load has been again reduced to 
zero, the high yield strength material 


has returned to its original unstressed 
condition while the low yield strength 
material has developed a small com- 
pressive stress adjacent to the hole, 
balanced by tensile stresses in the 


region just beyond, These residual 
stresses are set up because of the per- 
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Fig. 2—Direct tension fatigue tests on polished specimens and on riveted joints 
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manent set which occurred in the 
ntal during loading III. During any 
rexpplication of loading III the stress 
at the edge of the hole in the low 
yid strength material must range 
from the residual compressive stress 
up to the reduced maximum tensile 
The residual compressive stress 
at the edge of the hole is not particu- 
larly important and does not greatly 
detract from the beneficial effects of 
the reduction in the peak stress. 

Plastic deformation are not cumula- 
tive with each successive application 
of load. A piece of metal will always 
take a permanent set on the first ap- 
plication of load which stresses it be- 
yond its elastic range, but on suc- 
ceeding applications of this same load, 
it will behave elastically and appre- 
ciable additional permanent set will 
not occur until some succeeding load 
exceeds the load which produced the 
original permanent set. 

Because plastic deformation reduces 
stress concentrations below the theo- 
retical values, the use of theoretical 
stress concentration factors is not likely 


to give accurate predictions of the 
fatigue strength of members built of 
the lower yield strength materials, un- 
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less some means is found to correct the 
factors when the maximum stresses 
exceed the elastic range. 

In order to show how one might 
employ such factors in predicting the 
strength of an aluminum alloy riveted 
joint, a specific example will be given. 
The joint selected, detailed in Fig. 2, 
is one for which fatigue test results 
have already been published (Ref. 8). 

The uppermost curve in Fig. 2 shows 
the fatigue strength of the plate ma- 
terial used in the riveted joints under 
consideration, determined by tests of 
polished round specimens. Most of the 
tests were made in a direct tension 
testing machine of the type described 
in the paper already mentioned (Ref. 
1). The uppermost point, however, is 
simply the static tensile strength of 
the material determined by breaking 
a specimen in an Amsler hydraulic 
testing machine designed for static 
tests. The two test results plotted just 
below the tensile strength were ob- 
tained by loading specimens repeatedly 
in the same Amsler testing machine. 
These tests could not be run in the 
direct tension fatigue testing machine 


because of the excessively high loads 
involved. The arrows pointing to the 
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Fig. 3—Stress concentration factors determined photoelastically by Frocht and Hill 
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right on these two data points and on 
the lowest data point, indicate that the 
specimens were removed from the ma- 
chine before failure. This was done be- 
cause enough cycles had been run to 
indicate the trend of the curve and 
because the time required to complete 
the test was considered prohibitive. 
Knowing the fatigue strength of the 
material used in the riveted joint, the 
next step in the problem is to deter- 
mine the stress concentration factor 
for the type of construction under con- 
sideration. This will be done by refer- 
ence to the paper by Frocht and Hill, 
(Ref. 9), which gives the results of 
photoelastic determinations of stress in 
plates loaded through pins in round 
holes. Unfortunately, this paper does 
not cover the case of more than two 
pins but the assumption will be made 
that any number of pins can be treated 
the same as two pins, provided the 
ratio of pin diameter to plate width 
is evaluated on the basis advocated 
in the paper, namely, by using an 
equivalent single pin with the same 
“ratio of bearing to mean tensile 
stress," On this basis the ratio of pin 
diameter to plate width is 21/32 to 
1% or 0.35. Fig. 5 of the paper by 
Frocht and Hill, reproduced here as 
Fig. 3, shows that when the edge dis- 
tance is greater than the hole diameter, 
when the pin is a neat fit in the hole, 
and when the ratio of diameter to 


plate width is 0.35, the stress concen- 
tration factor for a single pin is 3.0, 
based on the average stress on the net 
area. The paper also states the stress 
concentration factor for two symmetri- 
cally situated pins is about 20 per cent 
less than the corresponding value for 
a plate loaded through a single pin. 
On this basis one arrives at a stress 
concentration factor of 2.4 for the joint 
under consideration. 

The predicted fatigue strengths of 
the joint in terms of nominal stress 
on the net section, may now be ob- 
tained by dividing the fatigue strengths 
of the material by this stress concen- 
tration factor. The lowest curve in Fig. 
2 represents the fatigue strengths of 
the joint determined in this manner. 
For comparison with this predicted 
curve, Fig. 2 also shows the fatigue 
strengths of actual joints of the type 
in question determined in riveted joint 
fatigue testing machines (Ref. 8). It 
will be noted that the predicted curve 
fits the experimentally determined 
points at the right-hand end, but lies 
far below the experimentally determined 
points at lower numbers of cycles. The 
reason for the lack of agreement at 
the lower numbers of cycles is that in 
using a constant stress concentration 
factor, the effects of plastic deformation 
at stresses above the elastic range of 
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Proposed method of modifying stress concentration factors to take plastic 


deformations into account in 17S-T aluminum alloy 


the material have not been taken into 
account. It is difficult to predict accu- 
rately the effects of plastic deformation 
but an empirical method, applicable 
to aluminum alloys, is available. 

Tests of riveted joints and other 
types of fatigue specimens have shown 
that where ductile metals are involved, 
the ultimate load on the specimen can 
be predicted fairly close by multiplying 
the net area by the tensile strength of 
the material (Ref. 8). In effect, this 
means that the concentration 
factor approaches unity as the maxi- 
mum approaches the tensile 
strength of the material. This fact be- 
comes the basis for the proposed em- 
pirical method of modifying stress con- 
centration factors to take into account 
plastic deformation. 

In Fig. 4 is shown the proposed 
method applied to the riveted joints 
under considération in the present 
example. The normal stress concentra- 
tion factor, 2.4, is plotted as a hori- 
zontal line for stresses from zero to 
three quarters of the yield strength of 
the material. At this point a straight 
line is drawn sloping downward to the 
right so that it passes through the 
point represented by a stress concen- 
tration of unity at the tensile strength 
of the material. A point three-quarters 
of the yield strength is selected rather 
than the yield strength because it is 
well known that in the aluminum 
alloys, as in many other metals, plastic 
action begins at 


stress 


stress 


somewhat 
below the yield strength, and the ratio, 
34. is fairly representative of the point 
at which this action is likely to become 
noticeable in the type of behavior under 
consideration. 

Returning to Fig. 2, the intermediate 
curve shows the effect of using the 
modified concentration factors 
taken from Fig. 4. It will be noted that 
this curve is in excellent agreement 
with the higher test results obtained 
on the riveted joints, 


stresses 


stress 
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It has been shown in the example 
just cited that it is possible to predict 
the fatigue strength of a given riveted 
joint with a fair degree of accuracy 
using only the proper fatigue strength 
curve for the material, an approxi- 
mate stress concentration factor and 
an empirical method for reducing the 
stress concentration factor to take into 
account plastic action. It should be 
realized that with the limited amount 
of data available today, however, it 
would be impossible to apply the 
method generally. In fact, many cases 
arising in ordinary design appear to 
be so complex that it will probably 
always be difficult or impossible to 
apply the method to all cases. For 
example, in simple lap joints in riveted 
structures, the stress concentration at 
the edge of a hole is different at one 
surface of the plate from that at the 
other surface, and the difference de- 
pends upon the amount of flexing per- 
mitted in the plates by whatever re- 
straining members are present in the 
vicinity of the joint. 

In joints with multiple rows of rivets, 
the stress concentration at the edge of 
any hole is very complex not only be- 
cause of the unknown non-uniform 
distribution of load among the rivets, 
but also because the stress in the 
vicinity of any hole is caused partly by 
the load transferred by the rivet in 
that hole and partly by the load trans- 
ferred by adjacent rivets in the next 
row. In welded members one has to 
deal not only with the stress concen- 
trations at the edges of the welds and 
the method for correcting these for 
plastic action, but in addition, one must 
know something about the effect of the 
heat of the welding upon the fatigue 
strength of the base metal and on the 
fatigue strength of the weld metal. 

Because of these uncertainties it 
seems almost hopeless to attempt to 
learn very much about the fatigue 
strength of members in general simply 


by analysis of simplified individua! 
based on stress concentration 
factors and amplified fatigue strength 
curves for the various engineering ma- 
terials. A more direct and generally 
satisfactory method of attack would 
seem to be by tests of representative 
strength members along the lines de- 
scribed by W. M. Wilson and R. L. 
Templin (Ref. 8 and 10). While no 
such set of experiments can hope to 
cover all of the varieties of strength 
members with which the designer must 
deal, yet over a period of years such 
investigations will result in the accu- 
mulation of data which will guide the 
engineer in the selection of safe work- 
ing stresses for the design of various 
types of members. Even more import- 
ant than this, the results of such tests 
will eventually show the difference 
between designs intended to resist re- 
peated loads and designs intended to 
resist static loads, thereby enabling 
the engineer to arrive at structures 
which can resist fatigue action more 
efficiently. 


cases 


(Ref. 1) *The Fatigue Properties of Light 
Metals and Alloys,” by R. L. Templin, 
Proceedings A.S.T.M., Vol. 33, Part Il, 
1933. 

(Ref. 2) “The Fatigue of Metals,” by 
Moore and Kommers, McGraw-Hill Book 
Co., 1927. 


(Ref. 3) “Structural Aluminum Hand- 


book,” by the Aluminum Company of 
America, 1938 and 1940. 


(Ref. 4) Report of Research Committee 
on Fatigue of Metals, Proceedings A.S.T.M., 
Vol. 30, Part I, 1930. 


(Ref. 5) “Korrosion und Dauerfestigkeit,” 
by A. Thum and H. Ochs, VDI-Verlag 
GMBH, 1937. 


(Ref. 6) “Stress Concentration Phenomena 
in Fatigue of Metals," by R. E. Peterson, 
Transactions A.S.M.E., Applied Mechanics, 
Oct.-Dec. 1933. 


(Ref. 7) “Two and _ Three-Dimensional 
Cases of Stress Concentration and Com- 
parison with Fatigue Tests,” by R. E. 
Peterson and A. M. Wahl, A.S.M.E. Journal 
of Applied Mechanics, Mar. 1936. 


(Ref. 8) “Fatigue Machines for Testing 
Structural Units,” by R. L. Templin, Pro- 
ceedings A.S.T.M., Vol. 39, 1939. 


(Ref. 9) “Stress Concentration Factors 
Around a Central Circular Hole in a Plate 
Loaded Through a Pin in the Hole,” by 
M. M. Frocht and H. N. Hill, A.S.M.E. 
Journal oj Applied Mechanics, Mar. 1940. 


(Ref. 10) “Fatigue Tests of Riveted Joints,” 
by Wilbur M. Wilson and Frank P. Thomas, 
University of Illinois Engineering Experi- 
ment Station Bulletin No. 302. 

“Tension Tests of Large Riveted Joints,” 
by Davis, Woodruff and Davis, A.S.C.E. 
Proceedings, May 1939. 


See also discussion by Hartmann and Holt 
of “Tension Tests of Large Riveted Joints,” 
A.S.C.E. Proceedings, May 1940. 
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HYDRAULIC COUPLINGS -Il 


Application Characteristics of Variable-Speed Types 


R. D. McCAUSLAND 


Hydraulic Coupling Division, American Blower Corporation 


HEN the quantity of oil 

within the working circuit 

of a hydraulic coupling is 
varied, the amount of energy trans- 
mitted to the runner varies according- 
ly; thus stepless speed control can be 
obtained. Variable-speed — hydraulic 
couplings operate on the same prin- 
ciples of energy transmission as the 
traction type, using identical parts: 
impeller, runner and inner casing, but 
in addition include a manifold, scoop 
tube, outer casing and oil reservoir, 
so that oil can be added or removed 
from the working circuit of the coup- 
ling while the unit is operating. 

Two general types of variable-speed 
hydraulic couplings are in use. The 
older type, mainly for heavy-duty ap- 
plications, is pump-controlled and is 
known as the VS type, Fig. 8. In- 
active oil is stored in a stationary tank. 
With the working circuit of the hy- 
draulic coupling emptied of oil, the 
prime mover can be started while com- 


FIG. 8 


Manifold - - ^ 


Oil coo/er 


‘ Motor - driven 
gear pump 


-- Reservoir 


pletely disconnected from the load. 
When the motor-driven gear pump, 
automatically or remote-manually con- 
trolled, pumps oil from the reservoir 
tank through the manifold into the 
working circuit of the coupling, the 
amount of energy transmitted to the 
runner increases, and the driven shaft 
speeds up. When the working circuit 
is completely filled, the driven shaft 
operates at a speed approximately 2 
percent less than that of the driving 
shaft, and operating characteristics 
approximate those of the traction-type 
coupling described in the first part of 
this article, which appeared in the 
January number of Pmopucr Ewci- 
NEERING. 

Oil is continually thrown from the 
working circuit through calibrated 
leak-off nozzles, and, by the force of 
impingement against the open scoop 
tube, circulates through an oil cooler 
and back into the working circuit. To 
reduce output shaft speed, oil is drawn 


Adjustable 


scoop tube --~ 


Contro/ 


Driven 
shaft -~ 


“-Mounting 
plate 


Leak-off nozz/e --- / 





from the coupling by the pump and 
stored in reservoir. Thus infinitely va- 
riable speed is available at the driven 
shaft. 

A more recently developed variable- 
speed unit is the scoop-control hydrau- 
lic coupling, Fig. 9. As the name im- 
plies, the speed of this coupling is 
varied by changing the angular posi- 
tion of a movable scoop tube. Instead 
of the stationary reservoir tank and 
motor-driven pump, as in the VS type, 
the outer casing acts as a rotating 
reservoir for storing inactive oil. When 
the unit is stationary, all the oil lies 
in the lower half of the casing below 
the level of the driven shaft. Thus oil 
seals are unnecessary. When the prime 
mover is started, the casing rotates 
with it. The oil is held by centrifugal 
force in a rim or belt around the outer 
part of the casing, away from the 
working circuit. With only air in the 
working circuit, the driving unit can 
thus be brought up to speed without 


KRunner-4 r-Kofating 


’ oil reservoir 


,7-Impeller 


Mounting 
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FIG. 9 


Fig. 8—Pump-controlled, variable-speed hydraulic coupling having separate reservoir, pump and remote-control valves to vary 
amount of oil in working circuit. Fig. 9—Scoop-control, variable-speed hydraulic coupling, a self-contained unit in which the outer 
casing acts as a rotating reservoir. When unit is stationary, all oil lies below level of driven shaft 
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Fig. 10—Synchronous motor driving pumps through a pump-contr olled, variable-speed coupling, installed in Knoxville Water W orks 


engagement of the load being driven. 

The scoop tube is controlled by an 
external lever arm and is pivoted on 
an eccentric in such a manner that it 
can be moved into the rotating belt of 
oil. Thus a certain definite quantity 
of oil will be tapped off from the ro- 
tating reservoir depending upon how 
far the scoop tube is moved into the 
oil, leaving the remainder inactive in 
the casing. The oil that is tapped off 
is forced through the tube by impinge- 
ment against the open end of the scoop 
and is thrown directly through the 
manifold into the working circuit of 
the coupling. As in the pump-con- 
trolled coupling, leak-off nozzles con- 
tinually drain oil from the working 
circuit into the reservoir casing where 
it is again picked up by the scoop tube 
and the cycle repeated. 

The scoop tube can be set at any 
intermediate position between “full-in” 
and “full-out,” hence the quantity of 
oil in the working circuit, which gov- 
erns the speed of the output shaft, can 
be governed to give “split-revolution 
control" over a speed ranging from 
20 percent to 98 percent of the driving 
shaft speed. It may be necessary to 
hold this speed range to closer limits 
in seme constant-torque applications. 
Since this control method is relatively 
simple and only involves the move- 
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ment of a lever arm through an arc 
of about 90 deg., it readily lends itself 
to either automatic or manual control. 

Pump-controlled hydraulic couplings 
in drives such as large mechanical draft 
fans and turbo-blowers allow the use 
of constant-speed motors. Savings in 
power are possible, as compared with 
volume control by dampening or throt- 
tling. A wider range of control is 
available than with motors of the 
wound-rotor, slip-ring type. The adapt- 
ability of the hydraulic coupling to 
automatic control makes it feasible for 
driving forced and induced draft fans 
which maintain constant pressure or 
constant volume under varying demand 
conditions. Erosion of blades is re- 
duced by dropping the speed of the 
fans rather- than allowing them to run 
at a constant speed and controlling 
capacity by means of dampers. 

The scoop-controlled hydraulic coup- 
ling, accomplishing the same results 
as the pump-type coupling, is limited 
to relatively light duties. Although it 
has been used extensively on oil drill- 
ing rigs in Europe, it has only been in 
the last few years that it has been in- 
stalled on rigs made in the United 
States. In such applications, in addi- 
tion to preventing engine stalling on 
overload, the coupling maintains pres- 
sure on a stalled slush pump, provides 


variable speed for coring and fishing 
operations, and engages and disengages 
the engine. 

For variable speed and smooth start- 
ing the scoop-control coupling can be 
utilized to advantage on winding ma- 
chines and coating machines.  Auto- 
matic control can be applied to main- 
tain a constant speed as close as plus 
or minus one percent. 

A variable-speed hydraulic coupling 
in a paper mill installation provides 
smooth transmission of torque without 
mechanical connection between driving 
and driven members, and also provides 
“stepless” variable-speed control and 
is readily adaptable to automatic con- 
trol. Since the main drive of a paper 
machine requires close speed regula- 
tion to secure a uniform grade of pa- 
per, many machines use sectional 
drives with d.c. motors to regulate the 
draw between sections. On earlier in- 
stallations, a single d.c. motor drove 
the entire machine through a counter- 
shaft from which the individual drives 
were taken by belts running on cone 
pulleys. Recent installations have an 
a.c. motor, and a variable-speed hy- 
draulic coupling driving the counter- 
shaft. Load fluctuations are auto- 
matically compensated by adding and 
removing oil from the hydraulic coup- 
ling through valves. 
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COLOR PSYCHOLOGY 






Its Place in Product Design 


DON LEE HADLEY 


Design Consultant, Westinghouse Electric & Mfg. Company 


INE. form and color are the basic 
elements that determine the ap- 
pearance of a product. They are 

the three elements with which the in- 
dustrial designer must work to achieve 
a pleasing result. But they are closely 
related and only by their proper use 
and combination can effective results 
be achieved. It is obvious that line and 
form are interdependent and inter- 
locked. But although it may not be so 
apparent to the layman, the color 
scheme with which the product is 
dressed will largely determine the vis- 
ual impression which the product 
makes. Certain colors emphasize, others 
subdue; some colors make surfaces ap- 
pear larger; others make them look 
smaller; some colors harmonize, others 
clash. 

Every problem in industrial design 
begins with the selection of the type or 
character of the form most suitable for 
the particular product under considera- 
tion. The modern keynote is simplicity, 
which calls for the elimination of ex- 
traneous projections and surface adorn- 
ment. Simple geometric figures such as 
are found in nature are made the basis 
of the form. Circles, spheres, squares, 
cubes, rectangles, cylinders, triangles 


(a) Before designer went to work, welder 
looked like this—merely a box, mounted 
on spoked wheels. The handle appeared 
as if it had been an afterthought 
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and cones are used with variations and 
combinations. Which to use will be dic- 
tated largely by the shape and dimen- 
sions demanded by engineering design 
requirements. But by the judicious use 
of variants and combinations, the ex- 
pert designer is able to blend or hide 
otherwise grotesque features required 
of the engineering design. 

A typical example of a relatively 
simple application of industrial design 
principles is a recently redesigned port- 
able arc welder. Before redesign, this 
device was a simple rectangular box 
measuring about 28x22x19 in. The box, 
which housed all the mechanical and 
electrical parts, was mounted on two 
large spoked wheels and a large caster 
in front. A piece of ?4 in. diameter 
steei rod served as a handle. The color 
scheme was dark gray body and black 
wheels. As can be seen in the illustra- 
tion, all corners were sharp, which, to- 
gether with the spoked wheels, gave 
the product a harsh appearance. 

The first step in the redesign of the 
welder was to make rough perspective 
outline sketches to establish the gen- 
eral overall form of the proposed rede- 
sign. In this case, the rectangle and 
circle were the obvious predominating 


( b) First step in 
redesign was to 
round sharp 
corners, make 
the handle form 
a part of the 
design 





(c) Changing to 


disk wheels 
simplified the 
lines. Parallel 


lines on top of 
the pressed cov- 
er added a dec- 
orative note and 
broke the mo- 
notony of the 
flat surface 








geometric forms that must be used. To 
retain simplicity and minimize the 
number of different geometric shapes 
used, the wheels were shown as simple 
circles, that is, the spokes were elimi- 
nated by using disk wheels. 

Having decided that the -general 
over-all dimensions and proportions 
were satisfactory, the next thing was to 
see what could be done to soften the 
contours of the box. Approximately a 
l-in. radius could be formed at the 
vertical corners, but this immediately 
seemed to entail a necessity for a 
stamped or drawn cover to conform to 
these radii. The handle also was rede- 
signed to give a more finished appear- 
ance. Introduction of a deeper stamped 
cover naturally involved expensive dies 
and tools. A little investigation showed 
that another manufacturing department 
of the company was already using such 
a cover on an entirely different type of 
apparatus. This cover so closely ap- 
proximated the dimensions chosen for 
the welder that by making only slight 
changes in the body the existing cover 
could be made with no additional tool 
investment. It was therefore adopted. 
New wheels of the disk type were sub- 
stituted; they have three ridges em- 


(d) This is the final result. 
revolutionary has been done, but a few 
rounded contours and the addition of 
proper color certainly added sales appeal 


Nothing 


8l 








In designing a big machine, such as a turbine generator, the architecture of the surroundings must be taken into considera- 


tion. This is about what a typical modern machine looks like. 
confusing; it has too many conflicting lines. 


bossed in them for added strength, and 
incidentally add a pleasing simplicity 
to the design. 

Apparatus such as a welder, which 
is to be used in garages, machine 
shops, and similar shops is frequently 
finished in any sort of color or surface, 
just so it is durable, because it will 
rapidly become dirty and disfigured. 
Any time or money spent in trying to 
dress it up is usually considered 
wasted. Nevertheless, since first im- 
pressions count heavily in selling, a 
note of color was added deliberately in 
this design to attract attention. Several 
colors were considered before settling 
on a dark stippled green for the body, 
with baked-on aluminum finish for the 
cover and wheels and a chrome-plated 
tubular handle. 

In considering design as applied to 
household merchandise, it becomes ap- 
parent that the past few years have 
seen a general leveling off of basic 
fundamental forms with a general 
trend toward simplicity of design. Al- 
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From the designer’s point of view its composite shape is too 


Color is “machine-tool” gray. and it is not in harmony with surrounding colors 


though household devices are still 
adorned with a great deal of chrome- 
plated trim, this is primarily a conces- 
sion to popular demand. Most de- 
signers probably would like to dispense 
with as much of it as possible. The 
designer is often asked why ranges and 
refrigerators are not produced in an 
assortment of colors. Anyone who will 
take the trouble to go into some research 
will find that these devices have been 
offered to the public in a wide range 
of colors. During the early history of 
range design they were finished mostly 
in black, which was a natural hangover 
from the days of coal and wood-burn- 
ing stoves. With the development of 
porcelain enamel it became possible to 
introduce color, and both gas and elec- 
tric ranges were offered in ivory, yel- 
low, green, blue, gray, and possibly a 
few others. One by one the colors dis- 
appeared with the exception of ivory. 
which for a period of two or three 
years held the field alone. After run- 
ning the cycle of colors, new finishes 


such as imitation marble and imitation 
wood graining began to be introduced. 
Fortunately, most of these monstrosities 
enjoyed a brief existence. About 1930 
ranges finished in all white porcelain 
enamel began to make their appear- 
ance and after two or three years 
gained a predominant position in the 
field. White ranges are still the most 
popular and their popularity will likely 
continue for an indefinite period be- 
cause to the housewife white symbolizes 
cleanliness. Other devices such as re- 
frigerators, washing machines and 
water heaters also went through the 
same process. Today, with few excep- 
tions, practically all manufacturers 
have standardized on white. Any added 
color is used to a limited degree, usu- 
ally on handles, hinges, nameplates, 
control knobs, or accessories such as 
baking dishes and pottery normally 
used with refrigerators. 

In industrial apparatus there is at 
present not much demand for color, but 
rather for a great variety of finishes 
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A turbine-generator may look like this some day. 
nant color is light, bluish gray. 


machine. The floor covering is of a contrasting hue, to make the machine stand out boldly 


involving all types of paints, lacquers 
and varnishes and all types of surface 
finishes, ranging from a coarse splatter 
finish to an extremely high gloss. With 
the exception of fractional-horsepower 
motors, practically all rotating elec- 
trical equipment is finished in what is 
called a machine-tool gray. This finish 
was adopted by the manufacturers of 
machine-tool equipment a few years 
ago and is generally adhered to by 
most manufacturers of large indus- 
trial equipment. While the machine- 
tool gray makes an acceptable finish 
for outdoor apparatus, it is too dark 
and gloomy on large indoor apparatus, 
except under the most favorable light- 
ing conditions. However, it has been so 
universally accepted that it will be dif- 
ficult to sell the idea of a substitute, 
especially in color. 

The principal objection to the pres- 
ent machine-tool gray finish is that 
every manufacturer seems to have his 
own opinions as to what constitutes 
machine-tool gray. In large organiza- 
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tions several departments may use this 
finish, and there may be as many as 
four or five variations of the same 
theme. This, to a certain extent, can be 
traced to the fact that when a manufac- 
turer requests from some paint supplier 
a sample of machine-tool gray, and 
turns it over to his laboratory staff, 
they will match the sample closely. 
This paint may then be applied to a 
piece of apparatus as large as a turbo- 
generator, while in another department 
it may be applied to a small portable 
tool. Owing to disproportions of the 
two areas and their different contours, 
the same paint may look entirely dif- 
ferent on the two machines. Actual 
samples of machine-tool gray range 
anywhere from a warm gray with a 
brownish cast to a deep gray with the 
predominance of blue. If manufac- 
turers wish to be consistent and adopt 
a standard finish regardless of its hue, 
they will have to control this problem 
in their laboratories. 

In the design of control apparatus 





Architecture of both machine and building have been simplified; the predomi. 
Most of the color planes are parallel to the major axis, which accentuates the “slimness” of the 


the designer is confronted with a sim- 
ilar condition, He can use any finish, 
as long as it is black. Of course, there 
is a logical reason for the use of dull, 
satin black on control boards and 
panels. It has a low light reflection 
value, which is about 2 percent. How- 
ever, a rich deep blue with a reflection 
value of only 9 percent—certainly not 
enough to cause any trouble in reading 
the meters and instruments which are 
mounted on the panels—could be used. 

High-gloss finish is objectionable on 
many industrial products in spite of 
the fact that it is used on certain types 
of machinery. It is undesirable for two 
reasons: (1) it is hard on the eyes of 
the operator; (2) it has a tendency to 
show up flaws and defects in the mate- 
rial. This is especially true where heavy 
sheets of fabricated steel or iron are 
used. A high-gloss finish on sand cast- 
ings shows up every flaw and pit. Even 
though the castings may have been 
filed and sanded the high gloss still 
reflects certain unevenness in the sur- 
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Properly designed for line and form, this plastic cabinet is This is it. Color makes the whole thing stand out; contrast- 
ing metallic lines tie the base and top together 


fairly good-looking, but lacks something 


faces. By using a soft or semi-gloss 


finish similar to lacquer, the effect 
would be far more pleasing to the eye. 

Occasionally industrial consumers ex- 
press dissatisfaction with the so-called 
standard finishes and request that their 
machines be shipped finished with only 
a priming coat to prevent rust in 
transit. These users have their own 
particular likes in color. 

It is only in recent years that manu- 
facturers have begun to be appearance 
conscious with respect to industrial ap- 
paratus, and today many designers are 
devoting a large portion of their time 
to this activity. As the three-dimen- 
sional forms of these devices undergo 
a face lifting, there is an increasing 


need for paying closer attention to sur- 
face finishes, The attractiveness of a 
properly designed piece of apparatus 
can be entirely nullified by the use of 
improper colors and finishes. 

By virtue of their function, certain 
types of machines and devices do not 
render themselves to good proportional 
design, and it is at this point that the 
designer depends upon surface condi- 
tions to accent the strong points of the 
design апа subordinate the weak 
points by the introduction of another 
color or finish. Probably industrial 
apparatus never should be finished in 
pink or fire-engine red. But manufac- 


turers should realize that color will 
greatly enhance the eye appeal of their 


products. There is no logical reason 
why dark, drab grays and blacks must 
always be used. 

Color, if properly handled and ap- 
plied, can immeasurably enhance the 
appearance of any device or any piece 
of apparatus regardless of its nature. 
What is needed today more than any- 
thing else is to persuade the manufac- 
turer that color psychology has played 
and can play an important part in sales 
and customer satisfaction. But the de- 
sired results can be achieved with as- 
surance only when the color scheme is 
developed by one who has the neces- 
sary experience and artistic ability to 
qualify as an expert on color selection 
and application. 


Some Axioms of Industrial Besign 


€olor 


Depth of color changes size. Light colors make an object 
seem to be bigger. Dark colors will decrease the apparent 
size of an object. 


Colors change shape. Lines or planes in colors contrasting 
either in hue or value with the main color are accentuated. 
Warm colors—reds, oranges, purples—appear to make planes 
and lines “advance”. Cool colors—blues, greens, yellows 
make them “recede”. 

Colors have psychological effect. Generally women like 
warm colors; men prefer cool ones. Bright, warm colors in 
large masses are hard to look at for long periods. They are 
exciting, and may actually contribute to accelerated body 
reactions in sensitive people. Cool colors are restful, passive. 
Light colors suggest cleanliness or gaiety; dark ones are 


depressing. 


Gradual transitions in color. As in form, sudden transitions 
are not normally pleasing. Components in color contrasting 
vividly with that of the main mass may be over-accentuated. 
Continuity of form can be achieved by a gradual blend of one 
color into the other, or by using related colors. 


Line and Form 


Simplicity the keynote. The eye likes a simply shaped ob- 
ject that can be comprehended without much effort. 

Lines should be congruous. Auxiliary lines should agree 
with the dominant shape of the object. Straight lines may be 
radial or tangential against a circular background, but should 
be arranged symmetrically. If the dominant shape is straight- 
sided, auxiliary straight lines should be parallel or have some 
other obvious relation. 

Gradual transitions in shape. Additions to the main shape 
should agree with it, and should not be abrupt in transition. 
This is the essence of "streamlining". 

Best proportions. The rule that the short side of a rectangle 
should be about 62 per cent of the long side, won't always 
work, but it is a starting point. 

The eye can be fooled. A high, narrow form may look dig- 
nified or stately, but may be weak. Broad, low objects look 
strong, especially if they are wider at the base. A solid ap- 
pearing mass looks stronger than the same object made up of 
many smaller elements. Lines parallel to an axis of an object 
exaggerate the dimension of the object along that axis. 
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Causes and € 


Deep tool marks in the fillet of this 
locomotive crankpin caused fatigue 
fracture. As shown in the magnified 
portion at right, the tool tore into the 
surface and left deep grooves. Cracks 


Note deep 
tool marks 


Magnified 
Section Fillet 





started in these grooves, resulting in a 
typical! fatigue failure. Many such fail- 
ures have been reported in locomotive 


parts—failures which could be pre- 
vented by specifying smoother finish. 


Vertical triplex 
gump 
2,500 lb. per Sg. /n 


Plug for air 
bleed € 


Norse reduced 
by surge tank 


Suc?/on /ine-- 





High-pressure vertical triplex pump 
was extremely noisy under load, al- 
though quiet enough when pumping at 
low pressure. Cause was finally traced 
to water hammer in the suction line, 
caused by bends and length, despite 
the 12 ft. static head. The noise was 
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cured by inserting an air chamber in 
the suction line at the pump as shown. 
This chamber consists of a vertical 
3-ft. length of 14-in. pipe with flat ends 
welded in. Pipe plugs were fitted at 
the top and bottom to adjust the air 
content. 













lack of peque caused 
press-fit bearing to bulge, 
decreasing bearing area 
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Seamless tube cut-off to 
length, spot-welded and 
brazed to stamping 


Fabricated rocker arm for diesel 


engine when redesigned from cast part 
аз їп А, developed trouble when it was 
discovered that the bronze bushing 
bulged out into the joint space between 
the deep-drawn bosses of the steel 
halves. Effective bearing area was re- 
duced, causing early failure. Solution, 
shown in B, is to fabricate the rocker 
arm from two stampings and a short 
piece of seamless tube. Stampings and 
the seamless tube are assembled and 
held in a simple jig and welded or 
brazed. 


HARDENED ROLLERS, although they have 
longer wearing life under ordinary con- 
ditions, will often crack under heavy 
impact loads or shock. Such failures in 
hardened rollers of all sizes have been 
reported, from rollers 2 ft. in diameter 
used in heavy machinery down to small 
rollers used under the drawers of office 
filing cabinets. Since it would be neces- 
sary in such cases to greatly increase 


the size of hardened steel rollers to pre- 
vent cracking under impact loads, the 


best solution has been found to be the 
use of soft steel rollers. 


PRODUCT ENGINEERING will pay $3 for each 

example published in Causes and Cures. Where 

illustrations are necessary, include drawings, 
rough sketches or photographs. 
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Question and Comment 








Mathematical Solution for Involute Cam 


Problems of Radial Follower Type 


BERNHARD F. PAGEL 
Detroit, Michigan 


Involute cam problems of the radial 
follower type can readily be solved by 
a simple mathematical process. Neces- 
sary dimensions for constructing the in- 
volute curve can be calculated directly 
from the given data. Textbook methods 
are semi-graphical in procedure and 
necessitate a preliminary construction 
of a standard involute curve from which 
graphical data are proportionally trans- 
lated to fit the requirements of the 
specific problem. Obviously, this process 
is both lengthy and inaccurate. This 
mathematical method, however, permits 
the designer to proceed directly to the 
task of laying out the cam with the 
assurance that calculated values will 
produce required results. 

All involute cam layouts of this type 
involve three factors: maximum pres- 
sure angle, working angle, and the dis- 
tance the radial follower moves. These 
factors are incorporated in the cam lay- 
out and a particular involute curve is 


Pitch circle ..-- 





constructed which will satisfy these 
given requirements. The problem then 
is reduced to the task of finding the 
radius of the basic circle of the required 
involute curve and finding the shortest 
radius of the pitch circle of the cam. 
The required curve can readily be con- 
structed and the layout completed in 
the usual manner. 

To find a formula for the basic invo- 
lute circle we proceed as follows: In 
the figure below, angle ABC is the given 
maximum pressure angle denoted by 
a,; angle COE is the given working 
angle of the cam noted by w; and the 
line segment DE denoted by d is the 
distance the radial follower moves. If r 
represents the radius of the basic invo- 
lute circle, then in right triangle BOF 

BO — rcsca; 
Similarly, in the right triangle EOG 
OE = rcsc a 
where a, is the pressure angle at the 
end of the working angle w. 








кше" ые a aa en ane d 


Subtracting the first equation from 
the second and substituting d the radial 
follower distance for (OE — BO) the 
formula for the basic involute circle 
becomes 

d 
т=-—— 

€sc a, — CSC dı 
The formula for the shortest radius of 
the pitch circle R follows directly, fo: 
in the right triangle BOF 

А = БӨ = гемо, 
To solve problems we need merely to 
evaluate csc a; and csc a>. Since a; is one 
of the given factors we find csc a, di- 
rectly from tables or from its equivalent 
form csc aı = V1 + cota. The value 
of csc a, however, is not found as di- 
rectly and we must proceed to evaluate 
it in the following manner. In the figure 
it is easily demonstrated that 

cot a = 2 3-0 -- o — as 

in which the angles to the right of the 
equality sign are in radian measure, 
and 6 is the angle SOF from the origin 
of the involute to the side OF. From 
this equation we get: 

a. + cot a = a, + 0 + o 

= a, + cota, + w (radians) 
The value of 8 is found from the fact 
that 6 = cot a, As all the values to 
the right of the equality sign are given 
numerical quantities, we proceed to find 
the nearest value to (a. + cot a) in 
trigonometric tables and hence arrive at 
the value of cot as. Substituting, we get 


csc as = V1 + cot *a; 
Four or five place tables with intervals 
of 10 min. of arc are accurate enough 
in most cases in determining the nearest 
value of (as + cot a). 


Sample Problem 


Find the radius of the basic involute 
circle and also the shortest radius of 
the pitch circle for an involute (radial 
follower type) cam in which the maxi- 


mum pressure angle a, — 25 deg. o 

= 135 deg. and radial follower move- 

ment d = 3 units. 

Solution: 

соса, = сос 45° = 41 + cot? 2° 
= 2.36620 

Since 


as + cot a = a, + cot a, + w 
the values become 
a, = 25° = 0.43633 radians 
cot a, = cot 25° = 2.14451 
«€ = 135° = 2.35619 radians 
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Substituting, we find 

as + cot a, — 4.93703 
By adding the radian value of an angle 
to its cotangent value and comparing 
the sum to the above value, we find the 
nearest value for cot a, to be 


cot a — 4.73170 approx. 

and therefore 

csc as = V1 + cot® a. = 4.83621 
Substituting these values of csc a, and 
сѕс 2. іп Һе formula developed above, 
же һауе 

k d _ 3.00 
сәс а. — esca, 4.83621 — 2.36620 

= 1.21 units. 

Also, the shortest radius of the pitch 
circle 
R = resca, = 1.21 esc 25? — 2.86 units. 

A great deal of time and labor can 
be saved in solving problems of the 


above type by making use of a prepared 
table similar to the one below. This 
would be of an advantage to those who 
find it necessary to solve many prob- 
lems. The table given here is abbrevi- 
ated to include only those numbers 
which apply directly to the problem 
solved above. 

Using this table to solve the above 
problem, we would have: 

esc 25? — 2.36620 
Also, since 
ae + cotas = a, + cota, + w = 4.93703 
is closest to the value of 4.93998 in the 
table, therefore 
csc a = 4.83621 

For more accurate results, interpola- 
tion may be employed. These values of 
csc a, and csc a2 can now be directly sub- 
stituted in the formula for the radius 
of the basic involute circle developed 
above. 


lm————ÀÁ—tn————————————————— SA 


ANGLE a, ANGLE « 





«a 4- cot « ese o 
(Radians) (Degrees) 
0.43633 25? 00' 2.58084 2.36620 
0.20799 11° 55 4.94650 1.84288 
0.20828 11° 56 4.93998 4. 83621 
0.20857 n” Sy 4.93347 4.82956 





What Practice is Right 
In Placing Dimensions? 
To the Editor: 


The great interest in aeroplane manu- 
facture in this territory discloses a very 
annoying right-about-face in what has 
been considered correct in vertical di- 
mensions. The American Standards 
Association booklet entitled Drawing 
and Drafting Room Practice states as 
follows: “All dimension lines and their 
corresponding numbers should be 
placed so that they may be read from 
the bottom or right-hand edge of the 
drawing.” This has been commonly 
understood for years although there 
have been complaints about the placing 
of the figures on the vertical dimensions. 

When I tell my students in engineer- 
ing drawing that there exists a great 
difference in technique and conventions 
in the various plants throughout the 
country, I point out that most of the 
authorities endeavor to agree on the 
basic fundamentals. What am I to do 
when after stressing one thing from one 
authority, some individual confronts me 
with a direct contradiction? 

Baughman’s Aviation Dictionary and 
Reference Guide states: “All dimen- 
sions should be placed to read from the 
lower edge of the drawings.” 

I am heartily in accord with this lat- 
ter recommendation dealing with this 
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particular phase of drawing. I think the 
idea is based on sound common sense. 
The drawing is not only easier to read 
but there is greater facility in placing 
the figures. —Jouu HoMEWOOD 

Ontario, Cal. 


Everybody's All Wet 
On Water Lily Problem 
To the Editor: 


I have just stumbled across your 
*How Deep the Pond?" problem, which 
was put up to your readers in the Sep- 
tember 1940 number of Propuct Enct- 
NEERING. I also read Mr. Loveless’ letter 
in the December number, calling atten- 
tion to the fact that the original prob- 
lem was misworded, and that the correct 
answer should be 17 ft. 

Truth of the matter is that every- 
body’s all wet! Water lilies do not grow 
in ponds 17 ft. deep. —R. J. Lope 

Lansdowne, Pa. 


[Editor's Note—We don't know much 
about water lilies so we called up our 
Consulting Editor on Botany and Re- 
lated Subjects to check on Mr. Lobe's 
statement. Sure enough, water lilies 
(nymphacaceous plants, genus castalia 
odorata) grow only in shallow ponds. 
In case you want to engineer a lily pond 
for your back yard, we suggest you 








take the advice of Mr. R. Pinkus, water 
lily expert of the New York Botanical 
Garden, who states he gets best results 
with ponds about 3 ft. deep, practically 
no results in ponds over 5 feet deep.] 


Kink for Saving Time in 
Drawing Similar Designs 
To the Editor: i 


It is possible to save at least 25 per- 
cent of the designing cost when a num- 
ber of pressed parts of common shape 
and contour but with different overall 
dimensions are required. For instance, 
where six different sizes of pressed re- 
frigerator caps are required, namely 
for 3, 4, 5, 6, 7 and 9 cu.ft. refrigerators, 
usual practice has been to make one de- 
sign and tabulate the dimensions which 
differ, or to make six different designs. 
The tabulated drawing has considerably 
increased the hazard of mistakes being 
made by the designer or the builder of 
the tool. Making a separate tracing for 
each of the different caps is expensive 
and also causes undesirable delays in 
completing the drawings. The follow- 
ing is a description of a method to over- 
come the difficulties of both of the above 
procedures. 

On tracing paper or cloth draw the 
design, for example, for one size re- 
frigerator cap showing all of the dimen- 
sions common to all sizes, and omitting 
all of the dimensions which differ 
among the several sizes. Then make six 
positive prints on translucent paper 
from the original tracing. Next fill in 
on the prints all of the previously omit- 
ted dimensions and necessary informa- 
tion to complete the design, using one 
print for each size cap. From each, 
which now has a complete design, make 
blueprints. File the translucent copy 
for future reference. 

This method simplifies designing, pre- 
vents possible mistakes that happen 
when using tabulated blueprints, pro- 
vides the die room with enough prints 
for. distribution to die makers and ma- 
chine hands, and also saves on design- 
ing time and cost. 

Dies for pressed metal may be divided 
into several groups, such as forming, 
draw, trim, blank, pierce, progressive, 
compound. The same may be said about 
fixtures and jigs. They also may be 
divided into groups, such as drilling, 
milling, welding. Therefore, if a num- 
ber of translucent prints are made for 
each group and kept in stock, they may 
be used in a manner similar to that de- 
scribed above with considerable reduc- 
tion in design time. 

When using a pencil in the making 
of the original on tracing paper or 
cloth, care must be taken to make lines 
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fairly wide and black, because when 
reproducing the lines have a tendency 
to become faint to a certain extent. 
Therefore, if a great many copies are to 
be made from a single original, it is 
practical to use drawing ink when 
making the original. 

Through the above described meth- 
ods, we have been able to standardize 
our designs, to have designs finished on 
short notice and reduce cost of design- 
ing considerably. 

—Victor S. VoIcut 
Westinghouse Electric & Mfg. Co., 
Mansfield, Ohio 


Suggests Pendulum Device 
As Flywheel. Substitute 
To the Editor: 


A substitute for a flywheel was re- 
quested by Samuel Wesert, page 325 of 
PRODUCT ENGINEERING for July 1940. 
Mr. Wesert stated he wanted to use it 
to dampen out torsional vibrations in a 
turntable. 

There is on the market a recently 
developed device which under certain 
conditions can substitute a flywheel. 
This device can give exactly the same 
dynamical effect as a flywheel many 
times heavier than the device itself, 
and belongs to the class of dynamic 
vibration suppressors. 

In its simplest form, this device con- 
sists of a free pendulum suspended 
from the part of the machine from which 
a periodical disturbance of uniform 
rotation is to be eliminated. The action 
is most efficient when the pendulum is 
tuned with the frequency of the dis- 
turbing force. Under these conditions 
the effect of the pendulum may be con- 
sidered as an increase in inertia (fly- 
wheel effect) of the part of the machine 
mentioned, and can be expressed by 
formulas. 

It might be of interest to note that the 
pendulum system was developed by 
Bernhard Solomon, R. Sarazin, E. S. 
Taylor and R. Chilton, almost simul- 
taneously. The patent situation there- 
fore is quite intricate since it is difficult 
to determine definitely the exact priority 
of each of them. 

It seems, however, that Mr. Solomon’s 
claims have the best foundation. This 
invention and especially the latest de- 
velopments of Mr. Solomon present 
possibilities of building extremely efh- 
cient devices for elimination of torsional 
as also translatory ocillations. 

It may be considered the last word in 
torsional vibration elimination, and is 
being successfully applied to internal 
combustion engines. 

—Lron М. РЕКАХЅКІ 
New York, N. Y. 





Permanent Magnet in 
Magnetic Coupling 
To the Editor: 


Your article “Permanent Magnets in 
Mechanical Applications,” published in 
the January number, has brought to 
mind a typical application of a perma- 


Permanent 
magnet 
\ 


\ 


Soft iron pole piece 
1 






1 


Soft iron pole piece Soft iron follower 


nent magnet in a magnetic coupling. 
This coupling, designed about three 
years ago, is for applications different 
from any shown in your article, so would 
probably be of interest to your readers. 


Details of the design of the magnet 
and pole-pieces are illustrated in the 
photograph. The cast Alnico magne! 
is held rigidly in place when the coup- 
ling assembly is screwed together. 

—H. BACHRACH 
Schenectady, N.Y. 


Total Load on Bolt 
Open for Discussion 
To the Editor: 


J. J. Pesqueira’s article “Location of 
Jam Nuts” must necessarily take into 
consideration the stretching of the bolt 
and nut and the transfer of load and 
points of pressure which result from 
this elasticity. This leads us into an- 
other important controversial subject: 

Should the total load on a bolt be 
considered as the initial load, the ap- 
plied load, or the sum of the two? 

Ask many a design engineer this 
question and he is apt to say, “It de- 
pends,” and let it go at that. “It 
depends,” of course, but upon what? 
Undoubtedly some of your readers have 
done considerable thinking about this 
problem, and I for one would like to see 
a discussion of it in this column. 

—R. D. THOMSEN 
Milwaukee, Wis. 


Can You Work This One? 


H. E. SMITH 


This month’s problem— 


XXX Division 


In this problem, which has as many 
unknowns as an automobile frame de- 
sign problem, each X denotes a digit. 
You're given enough numbers to re- 
construct the entire example. 


XXX 
XXX NXXXXXX 
Х ОХХ 
ЖАЛУ 
X50X 
ХХХ 
X 4X 
000 


Solution to January Problem— 


Brain Testers 


l. If Joe is now 28 years old, and is 
twice as old as Jim was, then Jim was 
14. But when Jim was 14, Joe was as 


old as Jim is now. This condition can 
only be satisfied by an age halfway 
between 14 and 28. Jim is 21 years old. 

2. À motor weighing 15 lb. consists 
of rotor, frame, stator and bearings. 
Combined weight of rotor and frame is 
twice the weight of frame and stator. 
Since the weight of bearings is least of 
all, no fractions, the stator must weigh 
2 ]b. Rotor weighs 8 lb., frame weighs 
4 lb., and bearings weigh 1 lb. 

3. A man 5 ft. 5 in. tall is digging a 
hole and plans to go twice as deep as he 
is now, when the top of his head will be 
twice as far below the surface as it now 
is above the surface. Letting x equal 
original depth, 

2x — 65 = 2(65 — x) 
Solving this, the depth of the hole, 2x 
= 97% in., or 8 ft. 1% in. 

4. The ten digits, when arranged to 
form numbers which will add to exactly 
100, must be in fractional form, such as 
21 — 3/6 + 78 — 45/90. The digits 
0—9 add to 45, and adding these digits 
will give 9; therefore the sum of any 
whole numbers made with these dizits 
will be a number whose digits add to 9. 
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Leading Automobile Manufacturers 


Continue With Plans For 1942 Models 


National Defense expected not to curtail production immediately; 
Willys head urges moratorium on new models; Auto Shows cancelled 


ALTHOUGH THE AUTOMOBILE INDUSTRY 
recognizes that the first order of busi- 
ness in America today is national de- 
fense, and do not claim “business as 
usual” in their plants, most of the lead- 
ing automotive manufacturers are 
continuing with designs for their 1942 
models. Recent reports from Detroit 
indicate that in few cases so far have 
regular work been subordinated to 
defense orders. 

Principle causes for apprehension 
seem to be the possible shortage of sheet 
steel and alloy steels, and the present 
shortage of skilled labor. Strangely 
enough, there seems to be no shortage 


Ambulance conversion ear, a new 
De Soto introduction, in normal use is 
a T-passenger car. By removing the 
right front and folding seats and lifting 
up the center post and hooking it to an 
inconspicuous roof bracket by a stain- 
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of skilled die-makers in the Detroit 
area. Many companies, including Pack- 
ard, Plymouth and Ford, are putting the 
finishing touches to their new models 
and are getting ready to order dies for 
1942. Changes are being kept to a mini- 
mum, and will probably involve only 
sheet metal. The motor manufacturers 
are treading lightly, but they evidently 
plan to be prepared in case they get the 
“go” signal from the government on new 
models. 

Most companies are now doing vary- 
ing amounts of production on aircraft 
and aircraft engine parts, and on trucks 
and cars for the War Department, but 





less steel arm, the car can be converted 
without tools into a serviceable ambu- 
lance in a few moments. Overall length 
is 19 ft.; wheel base is 13915 in.; en- 
gine is 110 hp. Fluid Drive and Simpli- 
matic Transmission are optional. 


these contracts are being taken care of 
in addition to regular automobile pro- 
duction. In some instances this has 
called for major changes in company 
organization. For example, Buick has 
shifted top key men to aircraft produc- 
tion. The assistants are left to produce 
the cars; the chief engineer retains 
supervision over both divisions. 

Viewing the National Defense pro- 
gram and the effect it may have on near- 
future automobile production, Paul D. 
Hoffman, president of the Studebaker 
Corporation, stated recently: 

“As to the results of the past year’s 
activity and the prospects of the coming 
months, the automobile industry has 
reason to be both grateful and hopeful. 
Factory sales for the industry approxi- 
mate 4,400,000 units, an increase of 23 
percent over the 3,577,292 cars and 
trucks sold in 1939. In 1940 the indus- 
try enjoyed the largest sales since 1937, 
the year’s volume being equal to 82 
percent of the 1929 peak. 

“Even in normal times, it is difficult 
to analyze future prospects with any 
degree of accuracy. Seldom before in 
our history has it been more difficult to 
do this than at present. The conditions 
under which industry will function dur- 
ing the coming year will be extraor- 
dinarily susceptible to developments 
beyond the control of business. Inter- 
national and domestic political policies 
will exercise a powerful influence dur- 
ing the months that are ahead. Assum- 
ing that disturbances from these quar- 
ters are not seriously disruptive to the 
domestic economy, the automobile in- 
dustry in 1941 would appear to have a 
potential of passenger car and truck 
sales 10 to 15 percent greater than in 
1940. In consideration of its vast im- 
portance to the welfare of the nation, 
the automobile industry should be en- 
couraged to realize on its potential 
provided always that its activities at 
no time and in no way interfere with 
the rapid advancement of the defense 
program." 

Reflecting this feeling of uncertainty, 
Joseph W. Frazer, president of Willys- 
Overland Motors, Inc. last month 
strongly urged that *all national auto- 
mobile shows be eliminated entirely dur- 
ing the period of our national emer- 
gency and that 1941 models carry into 
1942," in a telegram to Alvan Macauley, 
president of the Automobile Manufac- 
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turers Association. Official notice of the 
cancellation of the New York Automo- 
bile Show of 1941 came a short time 
later from the Automobile Manufac- 
turers Association. This relieves the 
manufacturers of the responsibility of 
promoting new models, and permits the 
industry to devote all its energy and 
experience to national defense. The 
action will not prevent dealer's associa- 
tions from sponsoring shows throughout 
the country, but it is expected that the 
weight of public sentiment may cause 
many privately sponsored shows to 
follow the lead of the manufacturers. 


Engineers Needed Most 
By Aircraft Industry 


ALTHOUGH THE FULL FORCE of the de- 
fense program has not yet been felt by 
industries in the New York region, a 
shortage of engineering personnel was 
revealed as an acute bottleneck in the 
aircraft industry by a survey of 174 
manufacturing plants of 18 groups of 
industries, conducted in the New York 
industrial area by the New York Com- 
mittee on Engineering Training for Na- 
tional Defense. In the aircraft industry, 
the lack of technically trained men is 
already so critical that unless emergency 
measures are taken to meet the situa- 
tion, an “appalling” shortage will exist 
as demands of the defense program in- 
crease. 

The area contains about 28,000 in- 
dustrial plants employing slightly less 
than 850,000 wage-earners. The plants 
surveyed by the Committee’s staff of in- 
vestigators included food, textiles, for- 
est products, paper, printing, chemical, 
petroleum, rubber, leather, clay, glass, 
aircraft, iron and steel, non-ferrous 
metals, machinery, and transportation 
equipment manufacturers. 

The group of industries concerned 
with the manufacture of airplanes, 
engines, and other equipment have since 
1937 multiplied the number of wage 
earners in this region at least fifty times 
over. The opinion was expressed that 
engineering colleges cannot make a mis- 
take if they focus their attention, im- 
mediately and almost entirely at first, 
on the personnel needs of that one 
group of industries which within a year 
may be more than three times as great 
as at present. 

Taking a cross section of 21 com- 
panies, employing 38,300 men in the 
New York area, it was estimated that 
as many as 6,000 new men will be 
needed within a year to fill positions 
for which graduate engineers would be 
employed in normal times. Possibly 
two or three times that number of 
technicians, including sub-professional 


grades, will be needed. To meet these 
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figures, nine colleges of the city’s area 
graduate only 1.200 engineers of all 
kinds each year, while the total for the 
nation is only 12,000. 

As for other industries, the brief and 
preliminary survey shows that industries 
outside the aircraft companies need at 
least 1,500 technicians of all grades. 
There is an insistent demand for drafts- 
men. If the aircraft industries are 
assumed to require one-half the men to 
be trained under the defense training 
program, possibly three-eighths of this 
half will be trained draftsmen. Next to 
the demand for draftsmen in the aircraft 
industry and elsewhere, and ultimately 
likely to be more acute, is the demand 
for production men of all kinds. Here 
again trained engineers are preferred. 


Nylon Film and Wool 
Developed by Du Pont 


NYLON PHOTO FILM has recently been 
patented by the Du Pont Company. Ad- 
vantages claimed over cellulose acetate 
and nitrate film are better flexibility, 
strength, durability; resistance to tem- 
perature and weather changes. In the 
case of movie reel, the Nylon film was 
projected 760 times before it broke, as 
compared with 300 times for nitrate and 
100 for cellulose. This film is synthe- 
sized from coal, air and water, just as 
the yarn is, except that the film is ex- 
truded through a slit instead of pinpoint 
openings. Because of its strength, nylon 
film can be made half as thick as con- 
ventional types. 

Nylon wool is also patented by Du 
Pont. The fiber is simply cut into 
staples—lengths similar to natural wool. 
It is then compressed into bales and 
heated, which puts a crinkle into each 
fiber. It is the crinkle in natural wool 
that keeps cloth springy and prevents 
it from felting or packing down. Felted 
cloth conducts heat away from the body. 


Accurate Chronoscope 
Measures Short Intervals 


PRECISELY HOW LONG it takes a fuse to 
blow out, a photo flash bulb to light up, 


a telephone relay to snap, or a blasting 
cap to go off, is indicated to the oper- 
ator by the maximum swing of an indi- 
cating needle across a scale in a new 
device called a chronoscope, recently 
developed by the Research Division of 
the Remington Arms Company. The de- 
vice, built into a small portable cabinet, 
will measure from one up to 200 milli- 
seconds with less than 1 percent error. 
It has already proved valuable in Rem- 
ington laboratories for studying the 
effect of velocity and flight time of bul. 


lets on accuracy, range, trajectory, and 


hitting power, but its use is not con- 
fined to ballistics. 

Projectile velocities can be measured 
accurately over distances as short as 5 
or 10 ft. ^Remaining velocity" can be 
measured after the projectile has trav- 
elled some distance. The actual velocity 
at 100 or 500 yd., for instance, can be 
measured over 10 ft. This has been im- 
possible with the Boulenge chrono- 
graph, the standard device in all bal- 
listic studies for measuring short time 
intervals. Such measurement has been 
very cumbersome by any other method. 

The chronoscope indicates the time 
interval from a quantity of electricity 
which passes through a specially de- 
signed galvanometer while the measured 
event is taking place. The galvanometer 
resembles a conventional portable indi- 
cating electric meter. A vacuum tube 
switching circuit starts the current at 
the beginning of the interval and stops 
it at the end. The photoelectric cell can 
be used to obtain the start and stop 
impulses. 

In ballistic studies, the conventional 
muzzle wire and target plate can be 
used. The single scale from which read- 
ings are taken really serves as five 
scales. Selection is made with a switch 
which converts the scale to any one of 
five time ranges, varying from 10 to 
200 milliseconds. 

Remington technologists regard the 
instrument as a marked advance over 
the Boulenge chronograph, which has 
satisfactory accuracy on intervals of the 
order of 100 milliseconds, but errs ex- 
cessively on those of the order of 10 
milliseconds. 


Do You Know That— 


FRoNT AXLES for automobiles which 
are four times more resistant to road 
shocks than conventional I-beam axles 
can be made from hot rolled tubes. (40) 


COIN VENDING MACHINES were first 
used in early Egyptian temples. As de- 
scribêd by Hero, they dispensed cere- 
monial water when the correct weight of 


coins was placed in a slot. (41) 


PEACH Fuzz, long an annoyance to the 
peach-eating public, can now be re- 
moved by a new fruit grader which 
scrubs the peaches with rotary brushes. 


(42) 


20,000-KVA. CONDENSER at the Gorge 
Steam Plant on Ohio Edison is venti- 
lated with electrostatically cleaned air. 
Between 50 and 75 bushels of dirt annu- 
ally will thus be kept from being blown 


through the windings. (43) 
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One thing is certain. in a maze of 
contradiction that is covered by a blan- 
ket of military secrecy: aerial warfare 
will continue to be a contest in design; 
there will be no frozen models; superior- 
ity will be concentrated in performance, 
not in numbers of airplanes. This prin- 
ciple has been firmly stated, in the pres- 
ence of this writer, during the last few 
days, by Sir Hugh Dowding, chief of 
Britain s home air defense; by Col. 
John Jouett, boss of the Aeronautical 
Chamber of Commerce; by Glenn L. 
Martin; by Guy Vaughn of Curtiss- 
Wright—and others. 


Reduced head resistance of radial 
air-cooled aircraft engines was one of 
the important aeronautical advances of 
1940. Installation and cowling, with 
fins giving more rapid heat dissipation, 
has been refined until the drag of air- 
cooled power plants is no greater than 
that of a liquid-cooled line engine of the 
same output. Increased cooling effi- 
ciency has contributed much to units of 
2.000 hp. and over. Engineers may ask 
why so much time and money are being 
spent on liquid-cooled engines if air- 
cooled engines are now just as “stream- 
lined.” A big radial engine streamlines 
into a fat fuselage just as well as a slim 
engine does. Any size of airplane, up 
to about 300 m.p.h., can be plump with- 
out much loss in speed-power propor- 
tion. But if you want something that 
will really go places, a slender design 
is necessary. Therefore, work continues 
on in-line liquid-cooled engines for 
small, high-speed fighter planes. Inci- 
dentally, Navy now has a small ship- 
board fighter (the Vought-Sikorsky in- 
verted gullwing) powered with an air- 
cooled engine, generally admitted to be 
the fastest plane in this country. The 
controversy has been going on for 15 
years, with no end in sight. It should 
be added that Navy does not use liquid- 
cooled engines; Europe uses practically 
nothing else but. 


Aerial cannon and ammunition are 
being worked on by the Army and by 
Britain. The term “cannon” for air 
means a shell-projecting piece, and a 
gun is a slug projector. Army is de- 
veloping a shell of such sensitivity that 
it will detonate upon entering a precipi- 
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tation of rain, so the story goes. It is 
an unconfirmed belief that cannon as 
large as 75 mm. are being developed for 
mounting on the new 70 and 80 ton 
bombers being built by Douglas and 
Martin. Reports reach Washington that 
hits by 37 mm. shells being used in 
Europe practically demolish the air- 
craft. But such hits are difficult and 
will be until cannon are developed that 
can fire faster than they do now. The 
British are showing keen interest in 
even more than eight machine guns per 
plane. 


How long wili it last? Plenty of 
technical men could decide instantly 
whether or not to go into Army or Navy, 
take up a course of study, leave one job 
for another, quit school, get married, 
divorced—if they knew how long this 
defense rampage will last. Nobody can 
tell, not even Dorothy Thompson, but 
here are some yardsticks with which 


Aiming at its adoption by Army 
parachute troops, Harrington & Rich- 
ardson Company developed this 615-lb., 
.45-cal. submachine gun, shown here 
firing tracers in recently publicized 
tests. Known as the Reising gun, it can 
be set for either semi-automatic or full 
automatic fire, shoots at rate of 500 per 


min., but clips hold only 20 or 50 cart- 


you can make your own guestimate: If 
the British lose, either by a knockout or 
negotiation, the U. S. will arm and ex- 
pand forces for years. Hitler would try 
to lull us with a cooperation lullaby, 
but we probably wouldn’t go for it. If 
the British win, even with the help of 
the United States, it might take two to 
five years. 


To keep up with the science of inter- 
national destruction, the Army is ex- 
panding its Engineer Corps and re- 
writing its training technique. Whereas 
only about 70 officers have been ac- 
cepted annually for training at the 
Engineers School, Fort Belvoir, Va., new 
plans call for training of 1,700 officers 
and 1,500 enlisted men during fiscal 
1942. Already, short courses are being 
given to 200 reserve and regular Army 
officers each month. Refresher instruc- 
tion is being given to Reserve and Na- 
tional Guard officers. 





Harris & Ewing 
ridges. Barrel is fitted with heat dissi- 
pation rings and a compensator for 
“muzzle rise.” Army has looked over 
the gun, which can be made for $50, 
but gives no definite answer as yet. If 
adopted, it will probably be bored for 
the new Army .30SM-1 cartridge, which 
has greater range and higher velocity 


than the .45's. 
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New Materials and Parts 





Variable Speed Units 


l'hree additional V*S units of 20, 25 
and 30 hp. have recently been intro- 
duced to meet the demand for this all- 
electric. a.c. adjustable-speed drive in 
sizes which would extend this simple 
method of control to larger applications. 
[һе same principle of speed control is 
used as in the othér sizes which range 
from 1 hp. upward. For the sake of 
compactness the unit has been mounted 
horizontally instead of vertically and 
particular attention has been given to 





the design of the mounting brackets 
which contain special longitudinal rub- 
ber shock pads to insure quiet operation 
of the unit. Three wires from 3-phase, 
60-cycle a.c. power source, which may 
be 220. 440 or 550 volts, are connected 
to the control unit exactly as would be 
done with any motor and control. The 
units provide an almost infinite number 
of speed variations with an overall 
speed range of 16:1 for continuous 24- 
hour duty. Reliance Electric & Engi- 
neering Co., 1088 Ivanhoe Road, Cleve- 
land, Ohio. 


Cam Limit Switch 


Designed especially for control cir- 
cuits of such devices as hoists, industrial 
trucks, and trolley coaches, this new 
cam-operated lever switch features a 
Micarta fingerboard on which the con- 
tacts are mounted and which swings 
upward out of the case for easy con- 
necting, inspection and maintenance. 
Operation is by means of a cam shaft on 
which the rollers travel. These rollers 
make or break contacts at any point on 
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the travel. Contacts are self-aligning. 
with a compensating type operating 
finger. The new XC-23 limit switch is 
available with ratings of 2 amp. at 600 
volts d.c. and 25 amp. at 110 volts a.c. 
Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 


Hydraulic Pressure Switch 


Universal non-flutter, positive snap- 
action hydraulic pressure switch is so 
designed that it can be used throughout 
the entire range of two separate capaci- 
ties with only a nominal change. and is 
so constructed as to be explosion, dirt. 
oil and moisture proof. This type of de- 
sign permits removal of one size hy- 
draulic piston and replacement of an- 
other size. Thus, the capacity of the 
switch can be used interchangeably 
over an operating range of from 200 to 








1.000 lb. per sq. in., to a maximum ol 
900 to 3,000 1b. per sq. in. operating 
range. An interlock solves the problem 
of flutter. Adjustment of the switch to 
balance the hydraulic pressure at any 
selected point is by means of a spring 
loaded screw. Switch can be either nor- 
mally open or normally closed and can 
be used to control the cycling of more 
than one machine or process, Practi- 
cally any voltages can be handled pro- 
vided 30 amp. is not exceeded. Pro- 
gressive Welder Co., 3028 E. Outer 
Drive, Detroit, Mich. 


Positive Pressure Pump 


Midget positive pump. 
known as Model UT, is designed for 
application in which the location of 
tanks and containers make the self. 
priming feature essential. Armature of 
the universal fan-cooled 1/20-hp. motor 
and pump impeller are mounted on a 


pressure 





single shaft, with adjustable stuffing 
box. The unit is chromium plated 
bronze and the motor is finished in 
black crackled enamel. Maximum pres- 
sure is 35 lb. per sq. in., and the maxi- 
mum volume is 3 gal. per min. Eastern 
Engineering Co., 45 Fox St, New 
Haven, Conn. 


Midget Relays 


This new series of midget relays. 
which measure only 144x°4x1% in., fea- 
ture full floating armature suspension. 
wiping contacts, cadmium and nickel 
plating of all metallic parts, high qual- 
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ity linen base laminated insulation. 
Steel coils, wound with enameled mag- 
net wi on pure iron cores are avail- 
able fo: operation on from 2 to 32 volts 
d.c. or 1.5 to 115 volts a.c. Where some 


degree of sensitivity is desired, positive 
© . 
dependable service can be attained on 


as littl as 0.25 watts d.c. and 1 watt 
a.c. with a safe continuous duty rating 
of + 2 watts. Where intended for a.c. 


excitation, all relays in this series are 





equipped with a specially designed pole 
which, together with its pure copper 
shading ring. provides absolutely noise- 
less operation free from all hum and 
vibration. Advance Electric Co., 1260 
W. 2nd St.. Los Angeles, Calif. 


Magnetic Contactors 


General-purpose alternating current 
contactors furnished in sizes 0 and 1 
provide a safe and convenient method of 
remotely controlling circuits 
from one or more push buttons or pilot 
devices. These Colt contactors, knows 
as Bulletins 501 and 502, are horse- 


electric 





power rated for motor control and can 
be employed where overload protection 
is not required or is otherwise provided. 
They are suitable for handling single 
Phase or polyphase a.c. motors, or for 
use as flexible relaying devices for con- 
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trol systems such as are used in machine 
tools, switchboards and special control 
panels. An important feature is the 
3-point ball bearing suspension of the 
movable electro magnet assembly, re- 
ducing friction to a minimum and guid- 
ing contacts into correct alignment. 
Other features include double break 
silver-to-silver contacts; vertical sole- 
noid type contactors with weight of 
laminated core sufficient to open con- 
tacts; and E shaped magnets correctly 
proportioned to give a strong pull with 


low power consumption. Colt's Patent 
Fire Arms Mfg. Co., Electrical Div., 


Hartford, Conn. 


Small Relays 


Designed to meet requirements for a 
small, rugged unit of high-current ca- 
pacity and low coil wattage operation, 
this new series of small relays has appli- 
cations in mobile, marine and aircraft 
fields, as well as for industrial uses 
where compactness is a factor. Insula- 
tion is Alsimag, Bakelite or high-fre- 
quency Bakelite. Contacts are 14 in. 





silver with wide spacing sufficient to 
handle 15 amp. at 110 volts, a.c. and 
7 amp. d.c. at 110 volts. Contacts avail- 
able in two-pole double-throw, three- 
pole double-throw, and four-pole double- 
throw. Coil operation can be had from 
6 volts to 250 volts a.c. and from 2 volts 
to 115 volts d.c. Allied Control Co., 
Inc., 227 Fulton St., New York, N. Y. 


Explosion-Proof Motor 


This new vertical explosion-proof 
motor is suitable for locations in which 
flammable volatile liquids, highly flam- 
mable gases, mixtures or other flam- 
mable substances are present, and for 
locations in which combustible dust is 
present. The unit is fan-cooled and has 
asbestos protected windings which are 
of particular importance since these 
motors are rated for a 55 deg. C. rise. 





of mounting 


Available in a variety 
flanges and a mounting bracket is avail- 
able to fit it to any design of machine 
without additional adaptors or plates. 
U.S. Electrical Motors, Inc., 200 E. 


Slauson Ave., Los Angeles, Calif. 


Molding Compound 


A new development in high impact 
phenolic molding compounds, known as 
Durez 1910, is the third in the new 
series of 1900 materials which differ 
radically in particle size from any phe- 
nolic compound heretofore available. 
Durez 1910 contains graphite and was 
developed especially for such applica- 
tions as bumper shoes, refrigerator lock 
bolts and other parts where minimum 
frictional resistance is desirable. All 
previous impact materials of this type 
have been of very fluffy consistency and 
difficult to handle in feeders and hop- 
pers. Durez 1910 has a particle size 
comparable to dry rice. Specific gravity 
is 1.45; bulk factor is 3.6:1. Durez 
Plastics & Chemicals, Inc., North Tona- 
wanda, N. Y. 


Synthetic Enamels 


A new line of synthetic enamels that 
air-dry so hard in 24 hours that they 
will not “paper print” are known as 
Coprene enamel, and have a chlorin- 
ated rubber base. They air-dry dust- 
free in a very few minutes, and become 
hard overnight under normal applica- 
tion conditions. This hardening extends 
through the entire coating, thus making 
it resistant to handling and wrapping. 
Similar hardening can be obtained by 
force drying for 1 hr. at 200 deg. F. 
Coprene enamels are supplied in clear, 
black, white, and colors, and also in sil- 
ver, copper, and other metallic lusters. 
They are claimed to have good adhesion, 
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good resistance to weather and chem- 
icals, and retain their gloss, flexibility 
and color well. Applicable to all kinds 
of metal products and wood, either over 
a surfacer to produce a smooth finish 
or directly on the grain. Maas & Wald- 
stein Co., 438 Riverside Ave., Newark, 
N. J. 


Blueprint Cabinet 
Extreme flexibility of arrangement, to 


meet the filing requirements of any 
drafting room, is provided in this line 
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of improved blueprint filing cabinets. 
These units, available in three-drawer 
and five-drawer cabinets in four sizes, 
are claimed to operate so easily that 
even fully loaded drawers glide open or 
closed without binding when using one 
handle only. Smallest size cabinet is 
for drawings 24x18 in. Largest is for 
blueprints measuring 48x36 in. All 
units are finished in durable olive green 
baked enamel. All-Steel Equip Co., 
Aurora, Ill. 


Erasing Machine 


In order to overcome frequent chang- 
ing of the eraser necessitated by short 
eraser tips previously used the new 
Bruning hollow shaft erasing machine 





has an eraser 7 in. long, fitted into a 
tubular armature shaft. This long, cylin- 
drical rubber core can be fed out as it 
wears down and tightened at the lower 
end of the instrument by a chuck. The 
motor unit has an impeller-type fan 
mounted on the shaft within the strong 
light-weight die-cast aluminum motor 
housing, insuring cool operation. An 
SKF precision ball bearing at the chuck 
end gives long, trouble-free, quiet opera- 
tion. To turn the machine “on” for 
either continuous or intermittent opera- 
tion, a convenient sliding control button 
lies just underneath index finger. 
Charles Bruning Co., Inc., 100 Reade 
St., New York, N. Y. 


Layout Protractor 


Accurate layouts for any angle of cut 
or round surfaces are possible with the 
"Trumark Junior” protractor. Time and 
material are saved through accurate cuts 
made without templets or involved cal- 
culations. On any rectangular form, the 
instrument is held squared to the edge 
or corner, the desired angle is set on the 





protractor scale, and the line marked. 
The mark goes completely around T or 
channel shapes. For machining the for- 
ward edge, the instrument shows the 
exact angle of any cut, or can be used 
as a marking edge on small cuts. For 
marking pipe, the “Trumark” is firmly 
held in place by a strap. Two levels 
show exact position for the instrument. 
The desired angle is set on the 180-deg. 
scale and the flexible marking arm then 
scribes a line completely around the 
pipe. The device is all die-cast, with 
marking arms held in position by fiber 
disks. Tru-Line Corp., 6022 Wilshire 
Blvd., Los Angeles, Calif. 


V aritime 


This instrument, known as the Soren 
Varitime, is supplied in several sizes 
for varying the speed of synchronous 
electric motors used with controls, 
timing systems, school, hospital and 





hotel clock systems. It is also useful 
in correcting the speed of synchronous 
motors and adjusting mechanisms where 
such motors are used. It provides an 
adjustable frequency range of from 18 
to 240 cycles. It is housed in a sturdy 
steel cabinet, and the 30 watt model 
weighs about 20 lb. It is capable of 
adjusting the speed of synchronous elec- 
tric motors over a 5 to 1 range. Com- 
monwealth Engineering Co. of Ohio, 


Dayton, Ohio. 


Bearing Bronze 


Elements of this new bearing bronze, 
known as Monarch Metal, are combined 
in a hermetically sealed crucible which 
protects them from contact with furnace 
gases or oxygen while they are melting, 
and the resultant alloy is water-cooled 
by means of a secret process. This 
method prevents hard abrasive tin and 
lead oxides, results in bearings which 
will run with less friction, heat and 
noise than those made of ordinary high- 
lead bronze, and causes better disper- 
sion and nodulation of lead which makes 
the alloy more heat resistant. No graph- 
ite solution is necessary for breaking in 
these bearings, because they will not 
seize or gall their shafts even in the case 
of lubrication failure. Although the 
lead content of all Monarch analyses is 
unusually high, tests show them to be 
superior in hardening and compression 
resistance to any other high-lead, tin 
and copper alloy. Monarch Alloy Co., 
Ravenna, Ohio. 


S.A.E. 4640 Steel 


S.A.E. 4640 Steel is now carried in 
stock in hot rolled annealed rounds, in 
sizes from 1 in. to 5 in. Because of its 
high fatigue resistance, toughness, and 
ability to attain a high degree of hard- 
ness with minimum of distortion in heat 
treatment, S.A.E. 4640 is one of the 
best gear steels of the medium carbon 
grades. It will develop high hardness 
and tensile strength with a relatively 
mild quench. It also shows higher im- 
pact resistance at high hardness than 
other 0.40 carbon alloy steels in the 
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same or slightly lower price range. The 
machinability of both annealed and 
heat-treated S.A.E. 4640 is superior to 
other steels of this type. It can be 
satisfactorily machine-finished at 400 


Brinell. In addition to gear applica- 
tions, this steel is recommended for 
arbors, racks, worms, boring bars, 


spindles, clutches, piston rods, bolts, 
studs, ratchets, pins, and other applica- 
tions where high shock resistance and 
toughness are necessary at relatively 
high hardnesses. Joseph T. Ryerson & 
Son, Inc., 16th & Rockwell Sts., Chi- 
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Copying Machine 


The improved “Rectigraph” photo- 
copying machine, designed to copy ex- 
actly by photography anything written, 





printed or drawn in actual reduced or 
enlarged sizes, comprises a complete 
machine which photographs, develops 
and fixes the print in the unit itself. 
This machine is said to employ exclu- 
sive features to facilitate rapid and eco- 
nomical copying for all types of work. 
Haloid Co., Rochester, N. Y. 


Oil Valve 


This improved valve has a straight- 
line flow characteristic with the flow 
directly proportional to the area of the 
slot opening and the number. on the 
calibrated dial. It is designed specific- 
ally to regulate the oil flow on any type 
of oil burner and can be used wherever 
quick, accurate manual or automatic 
regulation of oil flow is desired. The 
flow of oil is governed by a cam with a 
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knife edge rotating over the slot orifice. 
Cam works with very little bearing pres- 
sure, and is ground to produce a 
straight-line discharge curve. Houck 
Mfg. Co., 124-136 Tenth St., Brooklyn, 
N. Y. 


Drafting Tables 


Two new drafting tables, known as 
Metapost and Primo Metapost, are built 
of attractive satin chrome tubular steel 
and baked black morocco castings. The 





Primo Metapost table is quickly ad- 
justed by turning a hand wheel that 
will raise the working surface from 
3515 in. to 43 in. The top of the table 
can be tilted from front to back at an 
angle of 60 deg. by manual adjustment 
of two clamps. The Metapost has the 
same adjustment features with the ex- 
ception of the hand wheel. The table 
tops, available in eleven sizes ranging 
from 31x42 in. to 48x96 in., are made 
of selected soft texture pine 1% in. 
thick. Frederick Post Co., P. O. Box 
803, Chicago, Ill. 


T hermoswitches 


These new thermoswitches consist of 
a Fenwal cartridge thermal switch to 
which has been applied a junction box, 
thereby providing facility for attaching 
BX cable or conduit to a terminal 
block within a protective cover. The 
air thermoswitch (illustrated) cartridge 
extends into ducts and provides tem- 





perature control with adjustment change 
within a range from —50 deg. to 400 
deg. F. Contact rating is 10 amp. 
115 volts a.c. Immersion thermoswitch, 
with immersion cartridge, has similar 
ratings. Fenwal, Inc., Ashland, Mass. 
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Fiber Rolls 


This new construction for highly com- 
pressed fiber small and medium-sized 
rolls or pulleys consists of a tough 
rugged hub and spider of zinc alloy 
cast under high pressure into the body 
of the fiber. Two distinct advantages 
are claimed: improved machine per- 
formance and low cost for rolls. Princi- 
pal uses are in applications where slip- 
page of rubber, fabric or leather belts 
or tapes are undesirable in rolls or 
pulleys. Rockwood Mfg. Co., 1801 
English Ave., Indianapolis, Ind. 


Bearing Material 


Carobronze, a new bronze bearing 
material, is said to have ability to carry 
high loads and speeds; remarkable abil- 
ity to resist shock loads; freedom from 
any consequential wear, even under the 
most exacting conditions; low frictional 
resistance; high ductility at temper of 
greatest length and hardness; resistance 
to deformation under heavy loading; 
resistance to corrosion and erosion. The 
alloy contains 91.2 per cent copper, 8.5 
per cent tin, and 0.3 per cent phos- 
phorous. Carobronze can be obtained in 
three grades, each with a separate set 
of physical properties suitable for the 
application for which it is intended. It 
is manufactured in tubular form, about 
15 in. to 31/5 in. outside diameter, within 
reasonable limits of wall thickness. 
Rods can be supplied in all sizes from 
wires up to bars of about 34% in. dia. 
The material is supplied in longer 
lengths, so that it can be machined 
easily and economically on automatic 
screw machines. Revere Copper & 
Brass, Inc., 230 Park Ave., New York, 
N. Y. 


Strip Thermostat 


Suitable for heavy duty loads of 1,500 
watts at 115-230 volts a.c., this thermo- 
stat is especially suitable for controlling 
temperatures of electrically heated sur- 
faces such as hot water heaters, hot 
plates and heated machine parts. The 
thermostatic element is mounted on a 
removable cover which gives greater 
accessibility and facilitates easy wiring. 
When mounted, all live metal parts are 
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concealed in the assembly. Available 
in maximum temperature ranges of 300 
deg. 450 deg. and 700 deg. F. Sup- 
plied with normally closed contacts to 
open with rise in temperature and with 
normally open contacts to close with 
rise in temperature. George Ulanet Co., 
89 Kinney St., Newark, N. J. 


Insulating Tubing 


A new electrical insulating tubing 
made of high heat-resisting extruded 
plastic. Known as Irv-O-Lite XTE-100 
tubing, it shows little if any loss in 
flexibility after heating to 185 deg. F. 
for 60 days. It will not lose its form 
up to 240 deg. F., which is the soften- 
ing point. Heated for 125 hours at 
185 deg. F. it shows a linear contrac- 
tion of only 1 per cent. The tubing is 
flexible down to a temperature as low 
as 32 deg. F. Immersed in transformer 
oil at 220 deg. F. for 48 hours, the 
tubing shows a slight swelling but only 
where the ends project above the oil 
surface, and the tubing undergoes very 





little loss of flexibility. This tubing will 
not support combustion, is unaffected 
by petroleum solvents, has a tensile 
strength of 2,000 lb. per sq. in., has 
high resistance to tear and abrasion, 
and has a dielectric strength, dry, of 
750 volts per mil. Manufactured in all 
standard sizes from No. 20 to % in. 
inside diameter with A.S.T.M. toler- 
ances. Irvington Varnish & Insulator 
Co., 24 Argyle Ter., Irvington, N. J. 
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Induction Motors 


Open-type  sleeve-bearing squirrel- 
cage induction motors designed espe- 
cially for general purpose drive applica- 
tions such as machine tools, pumps, 
auxiliary drives, are more attractive 
and compact than ever before, and are 
stronger mechanically. Rigid cast 
frame maintains air-gap between stator 
and rotor, assuring high efficiency 
operation. Frame improvements include 
new sealed sleeve bearing having a 
combination vestibule and felt washer 
seal, and a larger oil reservoir capacity. 
New wire insulation gives maximum 
dielectric strength, toughness and flexi- 
bility. Combination slot cells, with re- 
inforced cuffs, protect windings from 





abrasion, and coil ends are taped for re- 
inforcement against strains of full volt- 
age starting. All motors are dynamic- 
ally balanced, and windings are given a 
high-voltage radio frequency test. These 
new type CS motors are available in 
ratings from 1% to 5 hp., at speeds from 
875 to 3,600 r.p.m., for operation on 
110, 220, 440 and 550 volts, two and 
three phase a.c. Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 


Porcelain Enamel 


A new white porcelain enamel cover 
coat for refrigerators, ranges, washing 
machines and similar equipment. By 
means of a further development, this 
new enamel known at Neopake now 
fuses at the same temperature as anti- 
mony-bearing porcelain enamel. The 
burning temperature of the antimony- 
free porcelain enamels formerly was 
1,500 to 1,550 deg. F., the Neopake now 
fuses at 1,480 deg. to 1,500 deg. F. This 
results in lower fuel cost, less warped 
ware, faster production, and a more 
uniform and lower cost finish per unit. 
The demand for antimony, created by 
National Defense needs, impelled the 
intensive research program that led to 
this development. The Porcelain Enamel 
& Mfg. Co., Eastern & Pemco Aves., 
Baltimore, Md. 





500-W att Rheostat 


Type F-500 rheostat has exceptionally 
smooth, close control, each turn of wire 
being a separate resistance step. Re. 
sistance wire or ribbon is wound over a 
solid porcelain core, each turn being 
locked against shifting by vitreous 
enamel. Metal-graphite contact brush 
rides on large flat surface and has spiral 
connector integrally molded, thus elimi- 
nating all wiping contacts except be- 
tween brush and resistance element. 
Ample air space between winding form 
and cast aluminum base cools rheostat 
with minimum heat transfer to mount- 
ing surface. Available in standard 
values from 1.0 to 2.500 ohms, Hard- 
wick-Hindle, Inc., Newark, N. J. 


Flat Spray Nozzles 


Spray pattern of this new nozzle is 
flat with slightly heavy center at higher 
pressures, and can be had in a number 
of different spray angles. Nozzles are 
available in 1% to % in. male pipe con- 





nection. Capacities range from 0.5 to 
10 gal. per min. at 10 Ib. per sq. in. and 
] to 20 gal. per min. at 40 lb. per sq. in. 
Standard stock construction is brass or 
iron; other materials can be specified. 
Spraying Systems Co., 4011-21 W. Lake 
St., Chicago. Ill. 
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Materials 


Mayart R—Bethlehem Steel Co., Beth- 
lehem. Pa. Catalog 156, 32 pages, 84 x 11 
in. Sets forth features, corrosion resistance 
data. and high-strength properties of 
Mayari R corrosion resisting steel. Includes 
many illustrations of typical applications. 


Motpinc Ptastics—Bakelite Corp., 30 
E. 42nd St., New York, N. Y. Bulletin, 32 
pages, 84 x 11 in. Gives general discussion 
of bakelite phenolic molding plastics, tables 
of properties and excellent illustrations of 
applications of all Bakelite molding ma- 
terials. 


PiexicLAS—Rohm & Haas Co., Inc., 
Washington Sq., Philadelphia, Pa. Bul- 
letin, 4 pages, 5x8 in. Directions for 
handling, fabricating, polishing, and clean- 
ing transparent Plexiglas. 


POLYVINYL AcETATE—R. & H. Chemicals 
Dept. E. I. du Pont de Nemours & Co., 
Wilmington, Del. Bulletin A-1349, 4 pages, 
84xll in. Gives summary of general prop- 
erties, specifications, and applications of 


polyvinyl acetate emulsions, solids and 
solutions. 
Pump Parts or Nicket—lInternational 


Nickel Co., 67 Wall St., New York, N. Y. 
Bulletin 10-40, 16 pages, 83x11 in. “Prac- 
tical Pumping Problems and How They 
Are Solved” discusses in detail the uses 


of Monel, “K” Monel and “S” Monel. 


SrEgL. SHAPEs— Commercial Shearing & 
Stamping Co. 1775 Logan Ave. Youngs- 
town, Ohio. *Commercial Standard Steel 
Shapes,” Section 2, 10 pages, 84 x 11 in. 
Illustrates and gives dimension data for 
12 steel shapes that can be purchased as 
standard without die or tool charges. 


Mechanical Parts 


Bat Beartncs—Stephens-Adamson Mfg. 
Co., Aurora, Ill. Catalog 840, 32 pages, 
8% x 11 in. Describes various types of Seal- 
master ball bearings, gives load capacities 
and bearing life ratings, includes much 


engineering data, and gives standard 
dimensions. 


Conveyor BELTs—B. F. Goodrich Co., 
Akron, Ohio. Booklet, 12 pages, 83 x 1l 
in. Describes principle of cord construc- 
tion of the Goodrich cord conveyor belt, 
and sets forth advantages of cover adhesion, 
flexibility, mildew resistance, freedom from 
stretch, vulcanized and metal splices. 


DISTRIBUTION PANELBOARD—The Trum- 
bull Electric Mfg. Co., Plainville, Conn. 
Circular 325, 4 pages, 83 x 10 in. Fully 
describes the new Type MH Multi-Breaker 
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distribution panelboard for automatic cir- 
cuit breaker protection. 


LEATHER Propucts — Alexander Bros., 
406 N. 3rd St., Philadelphia, Pa. Catalog 
A-116, 34 pages, 84 x 11 in. Contains many 
engineering tables and much engineering 
data, belt hints and application photos 
covering the complete line of Alexander 
Bros. products. 


Russer Propucts—Hewitt Rubber Corp., 
Buffalo, N. Y., Catalog, 36 pages, 84 x 11 
in. Illustrates and describes all types of 
industrial hose, couplings, packing, and 
gives engineering tabular data. 


Screw Propucts—Central Screw Co., 
3501 Shields Ave., Chicago, Ill. Catalog K, 
115 pages, 64 x 9% in. Illustrates and gives 
standard dimensions for complete line of 
screws, bolts, nuts and rivets. The leather- 
ette-bound book is thumb tabbed for ready 
reference. 


SPEED Controt—Reeves Pulley Co., 
Columbus, Ind. Form G-410, 8 pages, 83 x 
11 in. Illustrates and describes the three 
Reeves speed control units and gives many 
pages of typical installations with produc- 
tion details. 


VaALvES—B. F. Goodrich Co., Akron, 
Ohio. Catalog Section 9787, 2 pages, 84 x 
11 їп. Sets forth features of Goodrich 
Vulcalock valves, rubber lined and suit- 
able for corrosive and abrasive fluids. 


VarLvEs—John S. Barnes Corp., 301 So. 
Water St, Rockford, Ill. Bulletin data 
sheet, 4 pages, 83 x 11 in. Describes 
Barnes Power & Control Panel and the 
Barnes Index Power & Control Panel for 
use in hydraulic lines. 


VaALvEs—Kennedy Valve Mfg. Co., 1161 
E. Water St, Elmira, N. Y. Catalog 63, 
240 pages, green clothboard covers, 8 x 
1034 in. This well-illustrated and complete 
catalog covers all types of bronze and iron 
body valves and valve accessories. 


Electrical Parts 


D.C. Moron MaiNTENANCE — General 
Electric Co., Schenectady, N. Y. Bulletin 
GEA-3488, 8 pages, 8 x 103 in. Contains 
general information on motor maintenance 


and inspection, and includes a trouble 
correction chart for d.c. motors. 
DisrRiBUTION. Ducr — Bulldog Electric 


Products Co., 7610 Jos. Campau Ave., De- 
troit, Mich. Bulletin 403, 44 pages, 83 x 
10 in. Gives complete information on 
flexible light and power circuits for indus- 
trial plants and commercial buildings with 
Bull-Dog Distribution Duct. 


LıQUID LEVEL CONTROL—Fred H. Schaub 
Engineering Co., 325 W. Huron St., Chi- 
cago, Ill. Catalog 640-M, 12 pages, 83 x 11 
in., sets forth complete details of Schaub 
Magnetrol liquid level controls. Illustra- 
tions and hook-up diagrams cover typical 
applications. 


Oum’s Law CatcuLtator—Ohmite Mfg. 
Co., 4835 Flournoy St., Chicago, Ill. Slide 
rule type calculator gives a quick answer 
to any Ohm’s Law problem and has a con- 
venient stock resistor unit selector. Send 
10 cents to cover handling cost. 


WIRING CatcuLator—Bulldog Electric 
Products Co., 7610 Jos. Campau Ave., De- 
troit, Mich. Slide rule type calculator, 
based on the 1940 National Electrical Code, 
gives quick data on wire sizes, capacities 
and conduits and data for wiring motor 
circuits. It shows most of the generally 
used information in complete and simple 
form. 


Fabrication Methods 


Brazing ALtoys—Handy & Harman, 82 
Fulton St., New York, N. Y. “The Minute 
Men of Metal Joining," 4 pages, 83 x 11 
in. Describes the two low temperature 
brazing alloys, Sil-Fos and Easy-Flo. 


STAINLESS CLAD STEEL—Ingersoll Steel 
& Disc Div., 310 So. Michigan Ave., Chi- 
cago, Ill. “Manual of Welding and Fabri- 
cating Procedures,” 16 pages, 84 x 11 in. 
Improvement in welding and fabricating 
techniques to assure maximum strength, 
corrosion resistance and ductility are in- 
cluded in this recently revised booklet. 
Sketches, diagrams and the text describe 
all welding and fabricating procedures. 


Finishes 


PynorLEx— The Porcelain Enamel & 
Mfg. Co., Eastern and Pemco Aves., Balti- 
more, Md. Folder, 4 pages, 83 x 11 in. 
Brief description of Pyroflex, the new low- 
cost inorganic porcelain enamel. 


Miscellaneous 


PynoMETERS— The Brown Instrument Co., 
Wayne & Roberts Aves., Philadelphia, Pa. 
Catalog 15-E, 24 pages, 8 x 103 in. lllus- 


trates, describes constructional features 
and operating advantages of indicating, 


recording and control millivoltmeter pyrom- 
eters. Catalog 1104, 36 pages, 8 x 10% in. 
Sets forth features of Brown potentiometer 
pyrometers, and includes much useful en- 
gineering data. 


THERMOMETERS AND PYROMETERS—C. J. 
Tagliabue Mfg. Co., Park & Nostrand Aves., 
Brooklyn, N. Y. Catalog 1101F, 32 pages, 
84 x 11 in. Covers electric thermometers 
and pyrometers, photo-electrically balanced 
recorders, indicators, controllers and 
recording controllers. Potentiometers for 


thermocouples and slide-wire wheatstone 
bridges are also covered. 
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Sales Engineering 


BERNARD LESTER—200 pages, 534x 
834 in. Blue clothboard covers. Pub- 
lished by John Wiley & Son, Inc., 440 
Fourth Ave., New York, N. Y. Price $2. 


Many of the principles of sales engi- 
neering, although seemingly remote 
from those of design engineering, should 
be kept in mind by all design engineers 
who are interested in the sales appeal 
of their products. Although Mr. Les- 
ter's purpose in writing this book is to 
place before the sales engineer, with- 
out sales-promotional adornment, the 
principles of sales engineering, he has 
not confined his book to sales engineers, 
but has kept in mind the usefulness of 
his subjects to highly technical engi- 
neers who desire a better knowledge of 
sales principles and practice. 

After briefly defining sales engineer- 
ing and emphasizing the importance of 
knowing the market and the motives 
which actuate buying, the author dis- 
cusses the principles and procedures. 
The last few chapters in the book get 
down to the details of selling a tech- 
nical product. In order to clarify his 
points, the author uses many short case 
histories. 


Vibration of Road and Rail 
Vehicles 


B. S. Ca1N—258 pages, 6 x 894 in. 
Numerous charts and diagrams. Blue 
clothboard covers. Published by Pitman 
Publishing Corp., 2 West 45 St., New 
York, N. Y. Price $5. 


Originally conceived by the Commit- 
tee on Industrial Aerodynamics of the 
American Society of Mechanical Engi- 
neers, this book makes available to the 
engineer the results of extensive investi- 
gations by automobile companies, the 
Electric Railway Presidents Conference 
Committee, the Transit Research Cor- 
poration and railroad companies. When- 
ever possible, simple general principles 
are given with a minimum of mathe- 
matics. However, for complicated sub- 
jects it has been necessary to include 
advanced mathematics. 

The book gives a well-written analysis 
of vibration theory and then proceeds 
to static and dynamic factors, in spring 
suspension and engine mounting for 
automobiles, utilizing theoretical and 
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test results as a basis for the discussion. 
This same procedure is followed for 
street car and railroad vibrations, the 
latter being comprehensively analyzed. 


Mechanical Vibrations 


J. P. Den Hartoc—Second Edition, 
448 pages, 6x9 in. Blue clothboard cov- 
ers. Published by the McGraw-Hill 
Book Co., Inc., 330 West 42nd St., New 
York, N. Y. Price $5. 


This second edition includes discus- 
sions of the more important advances 
made in the study of mechanical vibra- 
tion during recent years. The new ma- 
terial is concerned chiefly with elec- 
trical measuring instruments, centri- 
fugal pendulum dampers, aircraft and 
ship propellers, and automatic balanc- 
ing machines. Many new problems have 
also been included. A four-page ap- 
pendix has been added listing formulas 
that are used frequently in practice. 

The subject matter covers kinematics 
of vibration, vibration systems with vari- 
ous degrees of freedom, multicylinder 
engines, rotating machinery, self-excited 
vibrations, and systems with variable or 
non-linear characteristics. The volume 
is arranged for use both as a textbook 
and for the practicing engineer who is 
desirous of obtaining a working knowl- 
edge of mechanical vibrations. 


Kinematics of Machines 


GEORGE L. Guittet—Fourth Edition, 
200 pages, 54%x8% in. Blue cloth- 
board covers. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York, N. Y. Price $3. 


The fourth edition of this textbook 
contains some changes so that the mate- 
rial is in better agreement with present 
practice. Many new problems have 
been added. The chaper on gears has 
been revised to conform with recent 
standards. 

In general the contents deal with dis- 
placement, velocity, acceleration, theory 
of instant centers, velocity and accelera- 
tion in plane motion, slider-crank and 
cam mechanisms, rolling contact, 
toothed gearing and gear trains, flex- 
ible connectors, and miscellaneous 
mechanisms. The book concludes with 
a collection of forty drafting room 
problems. 





Practical Design of Small 


Motors and Transformers 


E. Morrov, Epiror—176 pages, 103 
illustrations, 54% x8 in. Green cloth. 
board covers. Published by Chemical 
Publishing Co., 148 Lafayette St., New 
York, N. Y. Price $2. 


Mr. Molloy in this book leaves little 
to the imagination of the design engi- 
neer who is faced with the task of de- 
signing, constructing or rebuilding 
small motors and transformers. After 
a brief and easily understood but never- 
theless complete discussion of the 
mathematics involved in the design, the 
subjects are treated with a step-by-step 
explanation of practical methods of con- 
struction and rewinding. Each step is 
illustrated with an action photograph. 
Two chapters cover the rewinding of 
motors, and chapters cover the making 
of a vs hp. universal motor and a typical 
design of a ¥g hp. squirrel cage motor. 


Photo Relays 
Their Theory and Application 


F. H. SHEPARD, Jr.—28 pages, 6x9 in., 
published by Allied Control Co. Inc., 227 
Fulton St, New York, N. Y. Price 25 
cents. 


The five chapters of this booklet give an 
excellent general treatise on the photo- 
electric cell, its principles of operation, 
necessary equipment and applications. 
Although the book is written in an easy- 
to-read style, numerous charts and wiring 
diagrams provide technical information 
essential to the design engineer. 


Viscosity Index Tables 


36 pages, 6x9 in. Published by Ameri- 
can Society for Testing Materials, 260 
Broad St., Philadelphia, Pa. Single copy 
price 50 cents. 


These tables provide convenient refer- 
ences to the viscosity indexes of petroleum 
oils and lubricants. The index calculated 
from basic Saybolt Universal Viscosity is 
tabulated against Saybolt at 100 sec. under 
values at 210 deg. F. for 40 to 161 sec. 


Aluminum Casting Alloys 


90 pages, 53x81 in. Published by Alumi- 
num Company of America, Pittsburgh, Pa. 


Written expressly for engineers, this 
well illustrated and well written pocket- 
size booklet tells how to select aluminum 
casting alloys, explains general foundry 
principles and includes a 12-page section 
on the design of aluminum castings. De- 
sign sketches and tabulated data on me- 
chanical and physical properties supplement 
the text which covers the general consider- 
ations. A special chapter lists and describes 
the common Alcoa aluminum casting 
alloys available in ingot form. 
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Resourcefulness Pays Dividends 


WHEN THE DESIGN ENGINEER painstakingly makes the 
drawings of the part or machine to be manufactured, he 
dictates not only the materials and finishes to be used, 
but also the manufacturing processes that must be em- 
ployed to make the product. Under ordinary circum- 
stances changes from long established practices and 
designs come about relatively slowly. But there comes 
a time, such as the present national emergency, when the 
design engineer must make radical changes. As in the 
present situation, there may be a scarcity of machine 
tools; certain materials may be obtainable only on a 
priority basis, and there may be a premium on skilled 
labor. Whatever the reason, radical changes in designs 
must be made and made quickly to meet the emergency 
conditions. Traditions must be discarded; even the 


dollars cost may become a minor consideration. 


William S. Knudsen tersely described the present con- 
ditions when he said, “The bottleneck is time.” More 
so than any other one group of men, the design engineers 
can contribute greatly to cracking and breaking this 
bottleneck. Cutting the time required to produce; avoid- 
ance of “priority” materials; designing to minimize 
machining time; designing for maximum interchange- 
ability and quickest assembly; designing to lessen the 
amount of skilled labor required—all these are distinct 
and effective contributions to breaking the bottleneck of 
time. 


Already sweeping changes have been made in designs 
for the purpose of speeding production. This applies 
not only to armaments but also to all “peace-time” prod- 


ucts. Materials specifications are being changed radi- 
cally, designs are being revised to make them suitable for 
speedier production methods. The design engineers are 
taking time by the forelock, not waiting until sheer 
necessity compels action. They are showing the way 
out of the morass of difficulties created by the huge pre- 
paredness program suddenly demanded by a critical 
situation. 


Fortunately, engineers make little secret of the ways 
and means by which they improve their designs for 
speedier production. On the other hand, the manufac- 
turing industries have not set up machinery for the inter- 
change of such design ideas. That task is properly dele- 
gated to the technical societies and the industrial publi- 


cations. 


In full recognition of the pressing need for a broad 
interchange of design ideas, PRopucT ENGINEERING will 
devote the major part of its April number to the theme 
“Designs For Speedier Production.” In a special sup- 
plement of 40 or more pages we will present more than 
150 examples of designs that have been revised for 
speedier production. Charts and tables will indicate the 
possibilities in the various “speed-up” processes. Mate- 
rials substitutions will be described. All will reflect the 
resourcefulness of design engineers in meeting the present 
critical situation. Adopting their proved resourceful 
ideas will pay dividends. With this thought in mind we 
dedicate the April number of PRODUCT ENGINEERING as 
a contribution to the breaking of the “bottleneck of time” 
by “Designs For Speedier Production.” 





Group of brass screw machine products including some with straight and diamond knurling 


SCREW MACHINE PRODUCTS 


]—Design for Most Economical Production 


XCEPTIONS to the rule do exist, 
but in general if most of the 
machining operations required 
to make a piece are such that they can 
readily be performed in a lathe, and 
the piece is not too large, it probably 
can be produced in large quantities 
most economically on a screw machine. 

The cost of parts produced by the 
screw machine is governed by many 
factors that come within the control of 
the designer, such as selection of mate- 
rial for the part; its size and shape; 
and the number of machining opera- 
tions with time necessary for each. The 
designer of the part can often make 
insignificant changes in dimensions, 
fillets, thread specifications, shape and 
similar details in order to reduce the 
cost of making the part on a screw 
machine. 

Essentially a screw machine produces 
parts by means of tools mounted on 
two or more cross slides and also on a 
turret. The tools on the cross slides 
usually do most of the cutting of the 
external surfaces of revolution, and 
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D. H. MONTGOMERY 
New Britain-Gridley Machine Company 


also cutting-off operations. The tools on 
the turret mainly do the end facing, 
end drilling and tapping, counter bor- 
ing, threading and similar operations. 
Special attachments can be used to per- 
form other than turning operations, 
such as drilling cross holes, slotting, 
burring and milling. If the screw ma- 
chine part is designed so that a maxi- 
mum number of operations can be done 
simultaneously and in a minimum of 
time, production will be the speediest. 
If this can be done without excessive 
tooling costs, the cost of production 
will be the least. 

Obviously, the skill and ingenuity of 
the screw machine set-up man will 
often make the difference between slow 
and fast production. Nor can it be 
expected that the design engineer will 
be an expert in the technique of screw 
machine operation. But if the designer 
observes certain fundamentals he will 
make possible many cost savings in the 
production of parts on screw machines. 
Much can also be gained from a con- 
sultation with production department. 


Limitations on the size of the parts 
that can be produced on screw ma- 
chines depend upon the capacity of the 
machines available to do the work. 
However, 24% in. dia. is close to the 
limiting size that can be made on sin- 
gle-spindle machines in common use. 
A large proportion of the machines of 
this type are limited to parts of one 
inch diameter and 6 in. long. The larg- 
est size of multiple-spindle machines in 
common ‘use is designed to produce 
25gx6 in. pieces. The minimum diam- 
eter and maximum length of work 
which can be handled are not well 
defined. With special tooling the “nor- 
mal” maximum length for a given ma- 
chine can often be exceeded. However, 
in this event the designer should learn 
whether or not the cost of extra tool- 
ing will be justified when compared 
with an alternative method of produc- 
tion. 

Of particular importance in the man- 
ufacture of screw machine products is 
the relative ease with which the mate- 
rial selected for the part can be ma- 
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chined. Steels suitable for screw 
machine work are commonly used in 
the cold drawn form, as the drawing 
operation not only improves physical 
properties but makes for freer machin- 


ing. In Table I are given types, S.A.E. 


numbers and physical properties of rep- 
resentative cold drawn steels used for 
screw machine parts; their relative ma- 
chining speeds as compared with S.A.E. 
1112 are also indicated. A few steels 
in the higher hardness range have im- 
proved machining properties. Some pro- 
duction men favor steels that have a 
large grain size. It is highly desirable, 
їп order to facilitate chip disposal, to 
select a material the chips of which 
break up as they come from the tools. 

Among the non-ferrous materials, free 
cutting brass S.A.E. 72 is most widely 
used. The speed at which free cutting 
brass can be machined is usually lim- 
ited only by the speed of the screw 
machine. This and other non-ferrous 
alloys suitable for screw machine work 
are listed in Table II, but only a few 
of them machine as freely as S.A.E. 72 
brass, although most of them cut more 
freely than free-cutting steel. Despite 
the higher material cost, small parts 
are often made of brass because it ma- 
chines so freely. In addition, scrap from 
non-ferrous stock often has sufficient 
value to pay for the machining costs. 

For economy the designer should 
select for the part the lowest cost ma- 
terial provided that it will meet all 
other requirements. The same may be 
said as to selecting the smallest stand- 
ard size of stock which will give satis- 
factory results. Unless cost can be 
lowered by using a special size of stock, 
and delay in delivery will not be en- 
countered, it is best to base designs on 
the use of standard stock sizes. 

Large hollow parts, especially those 
with relatively thin walls, can often be 
made economically from tubing. But 
the cost per lb. of tubing is often so 
much higher than that of bar stock 
that it may be more economical to use 
bar stock even for hollow parts. The 
extra machining necessary to remove 
metal from the center of the bar may 
be more than offset by the lower ma- 
terial cost, especially when the outside 
diameter is not large and free-cutting 
low-carbon stock can be used. As size 
increases and the walls of the piece are 
thin or when the part is to be made 
of an alloy steel. the saving in cost of 
material and machining may dictate the 
use of tubular stock. 

The use of non-ferrous tubing for hol- 
low parts will result in economy, espe- 
cially when tubes are available in ex- 
truded form in which the cost differen- 
tial between bar stock and tubing is 
small, Experience indicates that ex- 
truded brass tube is sometimes coated 
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Table I—Steels Suited for Screw Machine Products 


Cutting speeds given are averages for general run of parts and, together with physica] 
properties, are taken from data furnished by Union Drawn Steel Div., Republic Steel 
Corporation. The figures apply to cold drawn grades suitable for screw machine products. 


OC | 
Cutting Relative| Tensile | Yield | 


E Cutting | Strength| Point | Elonga- | Reduc- | Brinell 
S.A.E. No. peed | s 



































f. per vw tion % | tion of |Hardness 

- S. E. HA(A———— 1 07 Ј 

uii. e нд in 2 in. | Area 4; No. 
100% Ib. per sq.in. 
Free Cutting Steels 

SES ае 24 225 136 | 80-100 | 70—80 10/20 | 40/50 | 170/202 
ЭШИ эеле зы 165 100 80-95 | 70—80 10/20 10/50 | 170/202 
BEEN oco vc cuu 135 81 10-80 60—70 15/25 | 45/55 | 140/170 
ЕО осона 140 85 75-85 60-70 15/25 | 45/55 | 143/170 
ие 140 EP ТА Sica са Buon 
НЫ шаалар; 120 72 100-120 | 85-100 10/15 30/45 | 187/235 

Maxcutf......... 246 149 | 83 78 13.5 0 | 187 

Multicutf........ 275 167 15 12 14. 17 | 160 

Carbon Steels 
IEEE Ман ыгал 120 12 | 10-85 | 60—70 | 15/25 | 45/55 | 149/170 
o 1, о 130 78 15-90 | 65-75 15/25 | 50/55 | 170/187 
Е еле нә нй көз 115 7 90-110 | 75-90 10/20 10/50 | 170/202 
ОЕ a eid ia ark eh 95 7 85-115 | 80—100 10/15 30/45 | 183/228 
ОИС: сеа ы 90 54 100—120 | 85—100 10/15 30/45 | 202/235 
Nickel Steels 
ZEN c cocer ore 110 66 80-100 | 60-80 15/25 | 50/60 | 170/196 
оке 110 66 85-100 | 70—90 15/25 | 50/60 | 179/217 
AER i eva eo aes 115 10 95-100 | 85-100 15/20 | 40/55 | 182/212 
ЭШИ. уке зы»: 115 10 100-115 | 90—100 15/20 | 40/50 | 187/235 
ST 6 on wd wid berees 85 51 110-125 | 95-110 10/15 | 35/45 | 207/235 
Nickel Chromium Steels 
| i) с: ‚Жа 66 85-100 | 70-80 12/20 | 50/60 | 179/196 
о: V Lecco eris 110 66 85-105 | 80-95 12/20 10/50 | 187/212 
ЭО о жыла EVA 120 12, 90—105 | 80—95 15/20 50/60 | 183/228 
SEE Liccswósetsa 115 10 90—105 | 80—95 15/20 15/55 | 183/228 
BENE ork inva we a 110 66 95-110 | 80-100 12 


18 | 40/50 | 196/228 








Molybdenum Steels 

















ee 120 72 | 95-110 | 85-100 | 15/20 | 45/55 | 187/217 
ЕКЕ wir 110 66 100-115 | 90-100 15/25 | 40/55 | 196/228 
VENE ccrta pl 110 66 90—105 | 80—95 15/20 | 45/60 | 183/212 
Chromium Steels 
007 PTT ET TT 100 60 90—105 | 80-95 12/20 50/60 | 170/196 
НИ рае 115 70 95-110 | 85-100 12/18 35/45 | 187/228 
BEN ulna eae wees 100 60 100-115 | 90-100 15/25 35/45 | 187/228 
ZEN Loose ras 65 40 100-115 | 70-85 15/25 50/60 | 196/241 
Chromium Vanadium Steels i 
D VENENIS SE 100 60 100-115 | 80-100 12/20 15/60 | 187/228 | 
O TE 120 12 95-110 | 85-100 15/20 15/55 | 179/207 
SEE V V eo RS 115 10 100-115 | 90-105 12/18 10/55 | 183/228 
MEN Securus ed d 100 60 100-115 | 90-105 12/18 35/45 | 196/228 
Stainless Steels 
Enduro 18-8**....| 75 45 | 80-90 | 35-45 | 60/65 | 65/55 | 135/185 
Enduro AA**..... 90 54 15-90 15—55 30/20 55/40 | 145/185 
Enduro SI**...... 90 54 65-85 35—45 35/25 65/60 | 135/165 
Enduro 18-8 FM.. 100 60 80—90 35-45 60/50 10/55 | 130/150 
Enduro FC....... 150 91 10-85 40—50 35/25 65/60 | 145/185 





* Annealed. 

** Annealed and cold drawn. 

t " Maxcut " and '' Multicut " are trade names of steels developed especially to gain 
free machining properties as well as to overcome certain drawbacks of the ‘ Uma 
treated " lead-bearing steels which, although developed for the same purpose, have 
not proved entirely satisfactory. Neither steel contains lead, both are said to derive 
their free machining properties in part to special methods of manufacture. 


103 





with a scale which makes machining 
more difficult than with free cutting 
brass rod. This may tend to offset the 
economies inherent in the use of ex- 
truded tubes. The design, however, 
should not be based on the use of tub- 
ing having a wall so thin that it will 
be permanently deformed in the screw 
machine by the pressure of the feed 
fingers or collets. 

Extruded or drawn shapes or tubes 
of odd contour, especially when sym- 
metrical about the axis, can sometimes 
be used to advantage for parts requir- 
ing a corresponding contour, such as 
spline slots or serrations. The designer, 
however, should make sure that the 
shape is available and that when used 


Fig. 1—Interior taper expanding inward 
requires special tooling. For parts of 
this type the drawing should show the 
angle A which the tapered surface makes 
with the axis. Fig. 2—Interior taper with 
large diameter outward and not back of 
a shoulder is easier to produce than part 
shown in Fig. 1. This style of taper 
should be dimensioned by stating the 
diameters A and B at each end and the 
length C of the taper 


the total cost for the part will be less 
than if produced from some other stock 
with the contour shaped later in an- 
other machine. 

Parts having a square, hex or other 
polygonal shape at their maximum 
diameter can be produced cheaply 
from bars or tubes having the desired 
shape. Parts having a circular-sector 
section, such as jaws for drill chucks, 
which when grouped together form a 
circular bar or tube, can be fed as a 
group into the screw machine for ma- 
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Table Il—Properties of Wrought Brasses, Bronzes and 
Other Non-Ferrous Materials Suited for Screw 
Machine Products 


DESIGNATION 


Free Cutting 
Brass 

S.A.E. #72... 
Hardware 
“Bronze” 
Leaded 
Commercial 


Free Cutting 
Tube 

Bearing Brass 
Free Cutting. . 
Engraver's 
ТУ? 
Free Cutting 
ШАШ. ues 
Architectural 
“Bronze” 
Leaded Naval 
Brass........ 
Red Brass 
S.A.E. #40... 
Phosphor 
Bronze 

S.A.E. #64... 


machinability ** 


Relative 





Approximate Composition 


Zn | Sn 


Pb | Other 


Leaded Brasses 





10.0 10.0 


Арргох. 
= tensile 
strength* 


housand 
Ib. per sq.in. 


Other Brasses and Bronzes 


у трое feed 


Cut- Rate 
ti of 
mB | tool 


0 


' |S.A.E. 1112 


Steel- 100^; 


70*** 75*** 





Naval Brass 
(Tobin Bronze) 
DAS S73... 
Everdue 

ШИ уан ә 


Free Cutting 
Phosphor 


1097 Nickel- 
"Silver"...... 
12.5% Leaded 
Nickel- 
"ive", sn. 
18% Leaded 
Nickel- 
"v" Lu... 
Free Cutting 
Bushing 
Bronze....... 
Silicon Bronze 


Pure Copper. . 
Aluminum 


EX esso 


* These properties apply to soft grades. 








25| 0.75 


4.0 





0.40| 1 Mn 
3 Si 


4.0 |0.45P 
10 Ni 


1.5 |12.5 Ni 


1.0 | 18 Ni 


4.0 


54 


Other Non-Ferrous Materials 


100 


** Data on relative machinability are as supplied by makers of brass and other copper- 


base alloys and are based on *'' free machining brass as 100." 


As the limiting cutting 


speed on free cutting brass is not definitely known, however, the basis of comparison 
It is probable that the data given are indicative of the order 


is open to question. 
of merit in res 


in character if not strictly quantitative. 
*** Tungsten Carbide Tools. 


t Aluminum Company of America designation. 


ct to ease of machining, or that the data can be considered qualitative 


Besides copper content, alloy contains 


0.3 percent magnesium, balance aluminum. Physical properties apply to heat- 


treated material. 
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Close view of work and tools in New Britain-Gridley six-spindle automatic screw machine. Three of the spindles and three 
cross-slide tools are at the left, to the right of them can be seen the turret which carries the tools for performing end operations 


chining similar to solid bars. The use 
of polygonal stocks, of course, may 
increase the amount of stock wasted 
in machining. 

Considerable waste of stock also oc- 
curs in the production of parts which 
have flanged portions much larger than 
integral body or shank sections. Condi- 
tions sometimes justify such designs, 
however, waste can be reduced by de- 
signing the flange diameter as small as 
requirements will permit. As in the 
production of poppet valves, for exam- 
ple, it may cost less to use an upset 
forging or to make the flange and stem 
separately in a screw machine, then 
weld the pieces together. 

Dimensional tolerances in screw ma- 
chine products depend upon factors 
such as the quality and condition of 
the machine, tool design and mainte- 
nance, depth and speed of cut, the diam- 
eter and length of piece. In specifying 
tolerances, it is a safe rule to follow 
general commercial practice. Close tol- 
erances should not be demanded except 
when essential, to do so usually involves 
needless expense. Nothing is gained, 
for example, by insisting that tolerances 
be closer than those that can be held in 
the mating part. 

When no definite limits are given and 
the parts are dimensioned with deci- 
mals on the drawing. commercial prac- 
tice calls for holding diameters to plus 
or minus 0.002 to 0.005 in., and lengths 
from shoulders to other points to plus 
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or minus 0.003 in. Practice on dimen- 
sions stated as fractions is to work 
within plus or minus 0.005 in. on diam- 
eters and plus or minus 0.010 in. on 
lengths. The commercial allowance for 
runout between bores and turned diam- 
eters is usually 0.005 in., the deeper 
the hole the larger the runout is likely 
to be. When close eccentricity limits 
must be held, they should be clearly 
specified on the drawing as total run- 
out on a dial gage, which measure- 
ment, of course, is twice the actual 
eccentricity. 

Surfaces intended to be true cylin- 
ders may have a slight taper either way, 
but the diameter at any point on the 
surface should come within the limits 
specified, or within commercial limits 
when not specified. On slender parts 
which are long in comparison with 
their diameter, the springing of the 
piece under tool pressure may cause 
the free end to be slightly larger than 
the supported end with an accompany- 
ing slight “back” taper. When even a 
slight taper must be avoided, the draw- 
ing should indicate where and state 
specific limits. 

When tapered surfaces are desired 
the drawing should show clearly either 
the angle the surface makes with the 
axis or the diameters at each end of 
the tapers. When the angle is indicated 
in degrees without a tolerance it is 
usual to hold plus or minus one de- 
gree, but closer limits can be held 


when required. Whenever feasible it is 
better to use a standard rather than 
an odd taper. 

Thread specifications should state 
the pitch diameter, number of threads 
per inch, length of full thread, and the 
class of fit in accordance with Na- 
tional Screw Thread Commission stand- 
ards. It is common practice to work 
to Class 2 fits, but Class 3 fits often 
can be held although they are likely 
to cost more. When thread forms other 
than standard are required, a drawing 
showing a 10 to 1 enlargement of the 
thread profile should be furnished, giv- 
ing all essential dimensions and the 
limits required. 

For all screw machine products in 
which tolerances must be closer than 
those held to in commercial practice, 
limits should be clearly stated. If there 
is doubt as to ability to hold the limits 
desired, the matter should be discussed 
with the production department and an 
agreement reached as to the practice 
to be followed. When subsequent opera- 
tions, such as grinding or lapping are 
required to size the part. suitable 
allowances should be made and the 
drawing marked accordingly. 





[Editors Note—Part II of this article 
will discuss general rules to observe 
when designing screw machine prod- 
ucts in order to facilitate turning, drill- 
ing, threading, tapping and chamfer- 
ing operations. | 
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| Modern Designs 


PSR c LEE 


Refrigerating Cycle Supplies Heating Or Cooling 


Inter-changing the evaporator 
and condenser of a refrigeration 
system to obtain heating or cool- 
ing as desired is not a new idea. 
However, the Westinghouse Mo- 
bilaire unit shown is the first 
self - contained window type 
cooler for home use to incor- 
The unit 
is used in the summer for cool- 


ing, dehumidifying, ventilating, 


porate this principle. 


and filtering. In the spring and 
fall, the heating cycle serves as 
a chill remover and ventilator 
for the “in between" season 
when the winter heating system is 
not operating. By applying the 
principle of reversed cycle refrig- 
eration, the quantity of heat ob- 
in mild 
that 


which would be obtained from 


tained from the unit 


climate is several times 
the same amount of electricity 
consumed with resistance type 
heaters. 


Two methods are generally used for 
adapting a refrigeration cycle to cool 
or heat air; one has fixed refrigerant 
piping and change of air flow by means 
of ducts and dampers, and the other 
has a fixed air flow and interchange of 
refrigerant lines by means of valving. 
This latter method proved more adapt- 
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able to the type of construction used in 
the room cooler, 

To accomplish this, a special valve 
had to be developed for interchanging 
the refrigerant lines. The valve had to 
meet the following requirements: serve 
to connect compressor to either coil as 
evaporator or condenser; work easily 





























with relatively small amount of move- 
ment; prevent excessive pressure con- 


ditions in unit if valve is accidently 
moved to a position between its maxi- 
mum points of travel. In addition valve 
had to be hermetically sealed and had 
to be so designed that it could be pro- 
duced at low cost in quantity. 
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‘Jo compressor suction 
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To compressor discharge 





Coil acts as Coil acts as 
evaporator. condenser. 
Heat absorbed In- Heat given up 
from indoor doors to outdoor 
air, thereby air. 

cooling it 1 


.-- Compressor 


controlled 
by dial 


With valve dial 
turned to cool- 


ing, refrigerant 
follows path 
Shown by arrows 





Valve set for cooling. Liquid freon gas from ihe outdoor 
condenser coil passes through the tube to the indoor evapo- 


rator coil. Here it evaporates, absorbing heat from the room 


air which passes over it, thus cooling the air. After evapora- 
tion, the gas, at low pressure, is pumped through the com- 


pressor and then passes again through the interlock valve, 


thence to the outdoor condenser coil. Outdoor air passing 


over this coil removes the heat absorbed from the room air. 
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Construction of the interlock 
valve. All parts, with the exception 
of the sealing bellows, are turned from 
mild steel. When assembling, the stem 
a is the first put in the body b and the 
part c is pressed on the end of the 
stem. A ring of copper wire is placed 
in the stem. The rest of the body parts 
are then pressed together and a ring 
of copper wire located at each press fit. 
The assembly is then passed-through an 
electric hydrogen-brazing furnace. This 
copper-brazes all the body parts into 
a complete leakproof unit; both parts 
of the stem are permanently joined to- 
gether. The stem does not braze to the 
body at the seats or guide because the 
copper brazing wire is omitted at these 
points, 

The valve seats are then lapped by 
rotating the stem. After cleaning and 
testing, the connecting pipes are sil- 
ver-brazed to the nipples and the 
bronze bellows is soldered in place. 
Valve is adjusted manually to proper 
position by means of a small knob 
located on right-hand side of unit. 


Coil acts as 
evaporator. 
Heat given Heat absorbed 
up to indoor from outdoor 
air, thereby air. 

heating i ? 


1 
1 


Coil acts as 
condenser. 


_--Compressor 
or pump 


еы Valve 
controlled 
by dial 


Unit with valve dial 
turned for heating. Re- 
frigerant follows path 
as shown by arrows. 
Note that direction of 
flow of refrigerant 
through both coils, is 
reversed from that 


shown in other drawing 





Valve set for heating. This setting reverses the cycle 
of refrigerant flow so that the outdoor coil now becomes the 


evaporator and the indoor coil the condenser. Compressor 
operation is not altered. The freon, in evaporating, absorbs 
heat from the outdoor air which passes over it. Still retaining 
this heat, it is then pumped back through the valve to the 
compressor, then through the valves to the indoor coil, now 
the condenser. The room air, passing over coil, picks up heat. 
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MODERN DESIGNS-Automatic Cycle in Broach 


Two gears are automatically broached to com- 


mercial tolerances in one stroke in the American A" m | 
. > i : ockin | 
Gearbroacher operated by Sundstrand equipment ` , Lubricant soring Guide 

i Mo, passage ; / 


^ 
i 





Blanks are leaded on arbors in the work head, shown 
below, and the automatic cycle is started with dual pushbut- 
tons. Spring-loaded detent holds the blank in place. Pulling 
notches in ends of broaches are locked into place as shown in 
sketch at right. When pulling head moves away from the 
work table, pressure of the broach-release pins is relieved, 
allowing locking springs to move cam down and forcing 
locking ring into notches in end of broaches. Much of 
broaching load is taken from work table by two tubular 
members which also serve to carry lubricant. 
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Broaching cylinders 
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Main structure of machine is basic- 
ally a welded cylindrical steel col- 
umn with a heavy web through the 
center which adds rigidity and also 
serves as a support for crosshead and 
guide. Crosshead moves on hardened 
and ground ways; wearing surfaces are 
large. Broaching cylinders are sus- 
pended from the ground steel work 
plate. Hydraulic pressure on the up- 
ward cutting stroke operates against the 
full area. of the piston. Only one pack- 
ing gland, on the low pressure return 
stroke side, is required. Lower ends 
of the broach assemblies rest on the 
hydraulic elevator. 

When the piece is loaded, the ele- 
vator carries broaches upward. After 
the crosshead has moved about 1 in. 
on its upward stroke, the broaches are 
in locked position. The guide plate, 
carried upward by the collar on the 
lower end of the broaches, permits a 
spring collet in the lower end bushing 
to pass over the gear as the cycle ends. 
On the return stroke this collet strips 
the piece from the arbor, dropping it 
into a discharge chute at the front. 
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All-Steel Inspection Car. Gasoline Engine Powered 


Double-wall construction with as- 
phalt-impregnated felt insulation is used 
on the new line of Buda official inspec- 
tion cars. Body is rubber mounted on 
the electrically welded channel steel 
frame. Wheels are chilled cast iron 
on Timken roller bearings mounted on 
the three in. diam. axles. Bearings are 
carried on semi-elliptic leaf springs fit- 
ted with thrust plates. Drive from the 
Buda gasoline engine to wheels is 
through three or four-speed transmis- 
sion and chain and sprocket. Car is 
equipped with full-drop adjustable win- 
dows sliding in felt channels. Seats 
are bus-type, with a tubular steel frame. 
All electric lines are individually fused 
at the centralized, multiple-control 
switch. The four-wheel braking sys- 
tem incorporates a vacuum booster. 


| 
1 


| - Buda aufomolive-type engine 

2- Self-cushioning smooth operating 
clutch 

3- 4- Wheel brakes with vacuum 

4 reli tical spri 

-Semi-eliptical springs | 

5- Gasoline tank-26 gal. capacity 

6- 6"Heavy-duty channel steel 
frame electrically welded. 


ж: - 


es 
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MODERN DESIGNS-New Heavy-Duty Trucks 


Five heavy-duty truck models 
with capacities ranging from 
10,000 to 18,000 lb., recently 
put into production by Inter- 
national Harvester, incorporate 
new styling, easier steering, rub- 
ber mountings, new type rear 
wheel brakes. Bodies are all- 
welded steel with chromium 
trim. Head lamps are sealed- 
beam type. Parking lights are 
integral with the grille. There is 
no bright metal on top of hood 
to reflect sunlight. 


New type brakes used on the rear 
wheels carry 70 to 80 per cent of the 
braking loads. These brakes are the 
result of cooperative development be- 
tween truck and brake lining manufac- 
turers, and are the result of exhaustive 
laboratory and road tests made to 
determine what types and sizes of 
brakes would best meet present-day 
road requirements. Tests have been 
conducted on mountain roads and un- 
der the most severe trucking conditions 
that could be selected. According to 
W. D. Reese, chief engineer of motor 
trucks, the following are the highlights 
of the new Hi-Tork brake: Both shoes 


Direction of rear 
Shoe load in 
forward operation „Rear shoe 
1 4 
| / anchor (N) 
4 


Lever fulcrum / 
for forward _ +” 
operation- 





Front of 
truck —> 





Direction of 
front shoe load ; 
1 in forward operation 1 


I 
For minor adjustments 
of brake shoe position 












do almost exactly the same amount of 
work, as a result, linings are loaded 
uniformly and there is no tendency to- 
ward localized high-pressure areas 
which tend to destroy both lining and 
drum; shoes conform to the conven- 
tional Lockheed design except that 


one shoe is reversed and operated by 
a long lever instead of directly by the 
hydraulic piston, thus the effect is to 
have both shoes self-energized for a 
forward stop; pressures are uniformly 


Direction of rear shoe load 
in reverse opera tion 


X (reverse anchor) 
\ 


Rear shoe 
anchor... 


\ 
Lever fulcrum for 
reverse operation 


Direction 

1 of fron? 

\\ Front shoe anchor shoe load 
in reverse 

opera tion 


One piece 


Parking 
construction 


light 





distributed and each unit of brake area 
does almost exactly the same amount 
of work, hence large brakes were not 
needed; drum life, because of uniform 
lining pressure and heat distribution, 
has been lengthened. Ribbing reduces 
heat; provision is made so that foreign 
matter is excluded; only one hydraulic 
cylinder is used and the same method 
of bleeding has been employed as in 
the conventional Lockheed design; 
easy adjustment is possible. 



















Backing plate 





On forward stop Hi-Tork brake 
operates as shown at A, dotted lines 
showing starting position. Front shoe 
pivots about point M and is actuated by 
larger of two hydraulic pistons and by 
effect of drum rotation. Rear shoe 
pivots about point N and is actuated 
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by smaller hydraulic piston and by 
lever pivoted on end of minor brake 
shoe adjuster plus effect of drum rota- 
tion. On rear stop brake operates as 
shown at B. Front shoe is pushed 
against swivel block at top of brake 
by small piston. With energy from drum 


rotation acting at bottom, the front 
shoe does most of the work although 
lever system also brings rear shoe into 
play. Brake drums were also rede- 
signed, as shown at C, with a groove 
added to act as a self cleaning dirt- 
slinger. Rib adds rigidity. 
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Conventional Lockheed — type 
2.shoe, double-anchor brakes are used 
on the front wheels. Leaf springs in the 


Steering effort has been reduced 
by changing the king.pin inclination 
from 8 deg. to 4 deg., by transmitting 
steering torque through twin levers on 


Frarne cross member 


Water and 
dirt slinger 


March, 1941 


front end suspension system are 3% 
to 714 in. longer than previous models 
to improve riding qualities and life. 





the steering cam, and by mounting the 
upper end of the steering-wheel tube in 
ball-bearings. Friction is further re- 
duced by mounting the twin levers in 


Felt seals 
Rubber ring 


-Tapered ro/ler bearings 


Cab is supported at three points on 
rubber insulated trunnions to prevent 
“pitching.” Two are front, one center. 


Twin levers on 
sfeering cam 


tapered roller bearings. Channel-steel 
front bumper serves as an additional 
cross member at front of deep and 
heavy frame. 


Propeller shaft center bearing 
is isolated from the truck frame cross- 
member by a rubber ring which pro- 
vides sufficient flexibility to allow for 
shaft misalignment. This rubber ring 
also serves to reduce the transmission 
of shaft noise to the body. Slinger and 
felt seals protect the tapered rolling 
bearings from dirt and water. 
Foam-type sponge-rubber seat cush- 
ion is used in all models. Seats can be 
adjusted forward and backward. Inde- 
pendent adjustment is provided for 
positioning the angle of seat back rest. 
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| Stylus for Speed record 


I | 
| | Stylus for miles traveled 
Sty/us for engine operation 


Snap-on chart spring 


Graphie reeords of truck or bus 
operation are furnished by the Sangamo 
tachograph. Mechanical governor run- 
ning on sealed bearings operates 
speedometer needle and, through a 
pinion on its shaft and a train of gears, 
moves the center stylus vertically as 
truck speed changes. Stylus is mounted 
on die cast rack with bronze bearings. 
Odometer and upper stylus are driven 


Speedometer 





Signal light 
di DHE 







Odometer 


by worm gearing. A bell-shaped cam, 
making one revolution per 10 miles, 
causes stylus to rise and fall, marking 
peaks on chart. Lower stylus is on a 
weighted arm, spring supported, which 
vibrates with truck motion. Spring holds 
arm in one position when truck is 
stopped. To indicate engine idling time, 
a solenoid in the ignition circuit 
changes the position of the stylus. 


Carrying handie 










Castaluminum » 


№ 
- In SIS 
MM 


Cast steel 


Portable centrifugal pump de- 
signed by Chain Belt Company has a 
capacity of 3,000 gal. per hr. Semi-steel 
recirculating water chamber has cast 
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Single cylinder, air- 


aluminum cap. 
cooled engine is fitted with a governor 
which automatically increases engine 
speed when pump primes. 





Excéssive speed 
warning light 


Speedometer cable connection 


Transparent covers are blanked 
from Monsanto cellulose acetate. Case 
and door are rag-base Bakelite. Mech- 
anism frame is a machined aluminum 
sand-casting. All materials used in the 
mechanism are of non-corrosive type 
such as stainless steel, beryllium cop- 
per, phosphor bronze, nickel plated 
brass. Couplings for drive cable fer- 
rules are of Zamak No. 5 alloy, die cast. 






Completely 
inclosed 
air-ariven 
motor, 4 hp. 


‚ 
tubs Type coupling 


Nickel -plated 
bronze impeller 
4-in.díarm. —— — 


Explosion-proof. this Eastern air 
mixer is driven by a ball-bearing- 
mounted, 14 hp., compressed-air motor 
which operates at 2,000 r.p.m. on 100 
lb. air pressure. Motor is completely 
inclosed and is fitted with an exhaust 
silencer. Speed is varied by adjust- 
ment of air pressure. Impeller is nickel- 
plated bronze. Stainless steel shaft is 
attached to motor shaft through nickel- 
plated tube coupling. 
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DRAG-LINK MECHANISM — І 


Effect of Link Lengths on Angular Velocity 


ALBERT SHIELDS and ERNEST ROSMARIN 


S & S Corrugated Paper Machinery Company, Inc. 


MPROVEMENTS in the design of 

anti-friction bearings, especially 

the needle type of bearing, have 
done much to increase the scope of use- 
fulness of link mechanisms in ma- 
chinery for the transmission of variable 
motion. With its requirements for low 
resistance under high pressures, the 
link mechanism presents conditions 
ideally suited to the adaptation of the 
needle bearing. 

In most pin-connected mechanisms 
the motion between consecutive links is 
oscillatory, pins seldom make a full 
revolution. The rollers of needle bear- 
ings at a pin-joint, therefore, because 
of their small diameters make many 
revolutions for a small angle of link 
swing and consequently wear in uni- 
formly. In addition to their low fric- 
tion properties, the infrequent lubrica- 
tion requirements of anti-friction bear- 
ings are decided operating advantages 
when contrasted with the frequent re- 
newal of lubricants necessary with 
sliding mechanisms. The simple means 
which can be employed to protect anti- 
friction bearings from dust and abrasive 
particles present in some atmospheres, 
which is diffcult to do with sliding 
parts, is another advantage gained 
through the use of anti-friction bearings. 

The advantages stated are the chief 
reasons why link motions are finding 
preference in place of slider crank 
mechanisms in many types of machines. 
From the engineering designer's point 





of view, however, although the substi- 
tution of link mechanisms in place of 
sliding parts in the construction of a 
machine eliminates many operating dif- 
ficulties, the substitution poses a num- 
ber of new design problems, the solution 
of which may not be immediately evi- 
dent. Familiar velocity relationships 
which characterize other types of mech- 
anisms are no longer applicable and 
the choice of proper proportions for the 
new link members entails additional 
study or experimentation. 


To facilitate the design problems in- 
volved in the incorporation of link mem- 
bers in machines, and to eliminate as 
much as possible the time required for 
making many tedious and prolonged 
mathematical calculations, this inves- 
tigation of the drag-link mechanism 
was undertaken. The effects upon the 
velocity diagram and the bearing pres- 
sure caused by altering the proportions 
of the several members comprising the 
linkage will be carefully analyzed and 
evaluated. 

A schematic diagram of a drag-link 
mechanism is shown in Fig. 1, having 
an assigned velocity of the driving 
crank and the resultant velocity ої the 
driven crank for the phase illustrated. 
For the sake of uniformity, the length 
of the driving crank is taken as equal 
to one throughout this discussion. The 
link, follower crank and eccentricity 
(the distance between the fixed cen- 
ters) are then proportionate to the driv- 


Driving crank 
z oF unit length 


Fig. I—Diagram of drag-link mechanim having an assigned velocity of driving crank 
and the resultant velocity of the follower crank for the phase illustrated 
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ing crank, and hereafter will be desig- 
nated as m, p, and n, respectively. In 
velocity diagrams, the angle 0 between 
the driving crank and the line of cen- 
ters will be used as the independent 
variable. 


The derivation of the angular velocity 
ratio of the follower and driving cranks 
for the general case will be demon- 
strated; for those cases where m and p 
are either equal to each other or to the 
driving crank, the velocity ratios may 
be obtained by direct substitution in 
the general form. 


Angular velocity ratio 
Ang. vel. of follower 


Ang. vel. of driver 


sin (a + 8) 


= -p cos (B + y — 90) (1) 


accep +omatmê —-- 
D [cos (8--»y) cos 90-I-sin 90 sin (84-»)! 


(2) 
- соз а sin 8 
p (sin B cosy + sin y cos 8) 
sin a cos B (3) 
p (sin 8 cosy + sin y cos £) е 
But, by the law of sines, 
p sin y = т зіп 8 (4) 


and the first term in Equation (3) becomes, 
by substitution, 


cos a sin 8 
D [sin 8 cos y + (m/p) sin 8 cos 8] 
T COS a 
` peosy + т соз 8 
By the law of cosines, 
l-att _ 
41 + n? — 2n cos 0) 


cos a = 


and from Fig. 1, 
p cos y + m cos 8 


= ¥ 1 + n? — 2n cos 0 (5) 
Substituting, 


cos a 
p cos y + m cos 8 


2 1 — n cos 8 


~ 1+ n? — 2п соз 0 (ЗА) 


The fraction expressed by Equation 
(3A) independent of m and p. is the 
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basic term for the link mechanism; its 
value remains unaltered, no matter 
what lengths are assigned to the driven 
crank and link. Therefore, only the 
second term of Equation (3), which 
must be added to Equation (3A) to 
give the complete ratio, contains the 
characteristics of the drag-link mechan- 
ism. It is interesting to note that the 
Equation (3A) is the angular velocity 
ratio of the familiar crank and slotted 
arm mechanism. 

The second member of Equation (3) 
must now be written in terms of m, p, 
n, and 0. The elimination of the three 
angles, a, B, and Y is accomplished by 
direct substitution of trigonometric func- 
tions obtained from Equations (4) and 
(5). Only the necessary steps are here 
outlined. Combining Equations (4) 
and (5), 


р? + т? —– m? + 1 — 2n cos 0 
2p Vn? + 1 — 2n cos 0 (7) 





COSY 


From Equations (5) and (7), 


т + m? + 1 — р? — 2n cos 0 
2т Ут? + 1 — 2n cos 0 (8) 





cos 8 = 


Sin y and sin 8 are obtained from Equa- 
tions (7) and (8), respectively. From the 
diagram 


: ] | msinó —— 9 
ne TID €" 


Letting K = 1 + n? — 2n cos 0 and substi- 
tuting gives: 


i Velocity of i 
Ratio = Velocity o follower 


Velocity of driver 





_ 1 — псоѕ ө 
Е К 








+ 2 n sin 6 10) 
v4p K — (P — m +K} +G 
in which 


as p-m + K 
s - [E К | P 





This general formula is quite un- 
wieldy and does not readily lend itself 
to a study of the effects of the variables 
involved. By the investigation of sev- 
eral special cases, the results of varia- 
tion in the cranks and links are more 
easily observed. Four cases to be dis- 
cussed individually are: 

Case I. 

crank — 1 

Case II. Link — driving crank — 1 

Case III. Follower crank = link ~ 1 

Case IV. Follower crank = link = 


driving crank 


Follower crank = driving 


The velocity ratio for Case I is read- 
ily obtained by the substitution of p=1 
in Equation (10) giving the following 
expression: 


March, 1941 


. 1 ө 
Ratio, = — p + 


n sin 0 (m?-- n?— 2n cos 0) 


Kx/2mn?+ 4m?— n'— m*— 4n cos 0 H 
(11) 





in which 
H — m? — n»? -- n cos 0 


Designating the first and second 
terms in Equation (11) as a and b re- 
spectively, they are plotted  separ- 
ately in Fig. 2 in order to show what 
effect the drag-link term, 6, has in 
changing the basic term, a, to produce 
(a+6) as the resultant ratio. 

For purposes of clarity, one eccen- 
tricity, n, is shown. As n increases, 
the peaks in a and 6 quite naturally 
become more pronounced, but the char- 
acteristic shape remains. The curves 
show first, that b generally acts to de- 
stroy the symmetry of a, especially in 
the case of the longer link b»; secondly, 
that the maximum ratio may be slightly 
increased by b, but never decreased by 
it, during a displacement in its phase. 
This maximum ratio will be considered 
as a measure of the effect produced by 
the eccentricity of various combinations 
of m, n, and p, in order to simplify the 
treatment. 


In this first case where p— 1, the link 
mechanism is symmetrical, and, there- 
fore, the minimum value will be a re- 
ciprocal of the maximum. A glance at 
Fig. 2 reveals that the minimum ratio 


of the link mechanism (a+b) is quite 
different from that of the slotted crank 


(a). The former is smaller and occurs 
approximately 60 deg. later on in the 


bd 
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cycle; or, putting it another way, the 
maximum and minimum ratios of a are 
180 deg. apart, and those of (a+b) 
about 120 deg. The physical aspects of 
these characteristics may best be under- 
stood after the other cases have been 
handled. 

The velocity formula for Case II, 
found by substitution of m=1 in Equa- 
tion (10) is, 


1 — n cos 0 
K 
nsin 0 (1 — p? +K) E 
K4/2p!n? 4- 4p! — p* — n* — 4n cos 0 J 
(12) 


Ratios = 





in which 


Ј = р — n + n cos 0 


The graphs in Fig. 3 are plotted in 
the same manner as those shown in 
Fig. 2, except that in Fig. 3 the terms 
a and b respectively designate the first 
and second terms of Equation (12), 
they are plotted separately and then 
combined to produce the resultant 
ratio. 

As in Fig. 2, Fig. 3 shows that two 
points in the slotted crank curve, 
namely, its maximum and minimum, 
remain unaltered in the drag link plot, 
though neither maintains its former 
significance. Slight changes occur in 
both the value and the phase of the 
maximum ratio, while the slope of the 
curve is steeper approaching the maxi- 
mum point than after it, regardless of 
whether p is greater or less than one. 


Editor's Note — Part II of this article 
will appear in the May number. 


View With Cover Removed 





Fig. 4—Drag link mechanism used on a rotary knife drive to obtain quick cutting 
action on a paper box taping machine 
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RUBBER-LIKE MATERIALS-1| 


Properties of "Synthetic" Rubbers 


ECENT THREATS of a short- 
age of natural rubber has 
aroused public interest in the 

development of synthetic rubbers. 
Much publicity has been given to these 
materials. Last spring it was an- 
nounced that the Standard Oil Com- 
pany of New Jersey had acquired the 
U. S. patent rights to the Buna type 
synthetic rubbers developed in Ger- 
many and used there to replace 
natural rubber in many applications 
including tires. The same company 
in May, 1940, announced another syn- 
thetic rubber of petroleum origin called 
Butyl rubber which was developed in 
its own laboratories entirely inde- 
pendent of the German Buna develop- 
ments. It is possible that the latter 
will be lower in cost than Buna rub- 
bers because of the lower cost of the 
interpolymer. B. F. Goodrich has de- 
veloped a new synthetic, Ameripol, in- 
tended for tire manufacture as well as 
other applications. The Goodyear Tire 
& Rubber Company has developed a 
synthetic rubber, Chemigum, derived 
from petroleum; it is claimed that tires 
made of this chemical rubber give 
superior performance to those made of 
German Buna and equal to those made 
of natural rubber. 

To the lay public these develop- 
ments have been of primary interest 


Load removed 


Deformation 
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because of the possibility of getting 
the cost of synthetic rubbers low 
enough to make them a factor in the 
largest market for rubber—the manu- 
facture of tires. However. engineers 
have been using synthetic rubbers of 
various types since the announcement 
some years ago of one of the first in 
this country. Duprene. now Neoprene. 
Up to the present and until the effect 
of increased production makes itself 


Properties of various syn- 
thetic rubber-like materials 
are listed in the Reference 
Book Sheets of this num- 
ber, see pages 151 and 152 


felt. the field of synthetic rubbers in 
the United States lies primarily in 
those applications where cost of ma- 
terial is only a minor factor, and where 
their ability to resist oils, chemicals, 
heat, aging and oxidation combined 
with the moldability and flexibility of 
rubber is important. This combination 
of properties has made possible ap- 
plications where leather, fabric, metal 
or rubber are not satisfactory and has 
opened up an entire field of products. 


In a certain sense, the term “syn- 
thetic rubber” as applied to many 
materials is a misnomer, because the 
chemical and molecular structure of 
naturally occuring rubber has not been 
successfully synthesized. While efforts 
were at first directed toward exact 
duplication of the rubber molecule, 
these were abandoned when it was 
realized that material resembling natur- 
al rubber in chemical structure was 
superior in certain properties. 

Some of the synthetic rubber-like ma- 
terials differ from rubber in that they 
are thermoplastics, that is, they as- 
sume a new shape on application of 
heat and pressure. Thiokol, Koroseal, 
and Resistoflex are of this type. Neo- 
prene and the Buna materials resemble 
rubber in that they are thermosetting 
but they do not devulcanize when pro- 
cessed by the methods commonly used 
for treating vulcanized rubber. Butyl 
rubber is a new approach to the prob- 
lem, with a molecular structure almost 
fully saturated, yet it is vulcanizable. 

In Table I a tabulation of the bet- 
ter known synthetic rubber-like ma- 
terials is given, together with a short 
description of their origin and the 
forms available. In analyzing those 
qualities of synthetic rubber-like ma- 
terials which make them particularly 
useful for design purposes, one will 





Recovery 


Permanent set 


Percent Elongation 











Percent Plasticizer 


Fig. 1—Typical time-deformation properties of two rubber-like materials when subjected to a fixed load and constant temperature. © 


Fig. 2—Properties can be varied in compounding. 
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Curves show effect of change in amount of plasticizer in a polyvinyl chloride 
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find considerable variation among the 
mechanical, electrical and chemical 
characteristics. These properties will 
be taken up one by one and the ma- 
terials compared. 


MECHANICAL—It is not an easy matter 
to specify and to tabulate the mechan- 
ical properties of synthetic rubber-like 
materials because of the infinite num- 
ber of compositions which may be 
formulated to meet a variety of pur- 
poses. Through proper compounding 
it is possible to get rubber-like prod- 
ucts which have the widest imaginable 
variation in physical properties, but 
those properties, either high or low, 
can be exactly obtained to suit a par- 
ticular need. However, it is possible to 
make general comparisons with natu- 
ral rubber, providing these variations 
are recognized. It has been suggested 
that a material exhibit at least 200 
percent elongation before being classi- 
fied as rubber-like. While some ma- 
terials will show this elongation in a 
rapid, elastic change of dimensions 
under load, others display some time- 
dependent characteristics before attain- 
ing this deformation. The time for 
attaining this elongation throws some 
light upon the elastic and plastic prop- 
erties of the material. A typical ex- 
ample is shown in Fig. 1 where a syn- 
thetic rubber is compared with plas- 
ticized polyvinyl butyral, which has 
attained considerable prominence as 
the plastic layer in safety glass. The 
materials are subjected to a constant 
load and deformation noted at various 
time intervals. Creep will continue at 
a slow rate as long as the load is 
applied. The ratio of true elastic de- 
formation to plastic deformation for a 
given elongation is much greater for 
the synthetic rubber than for the 
polyvinyl resin, the deformation of 
which was more a plastic phenomenon. 

As would be expected, those ma- 
terials resembling natural rubber most 
closely in molecular structure, such as 
the butadiene and chloroprene rubbers, 
possess similar physical properties 
though this is not a rule. Grades of 
Neoprene, Buna S, and Perbunan can 
be compounded to have tensile 
strengths up to 3.500 to 5,000 lb. per 
sqin. and elongations at break of 600 
to 700 percent. The original Buna 
tubbers in which butadiene was not 
copolymerized with other materials (as 
are Buna S and Perbunan), had lower 
tensile strengths. 

Among the rubber-like materials, 
Thiokol resembles natural rubber in 
appearance and feel. Since it is ther- 
moplastic in nature, and while it will 
have appreciable elastic deformation 
(up to 600 percent), it will flow more 
than Neoprene and Buna, particularly 
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Table I—Types of Rubber-Like Materials 





T | 


RADE NAMES 


Perbunan (Buna N) 


Perbunan Extra acrylic nitrile 


ORIGIN 


Co-polymer of butadiene and 


INDUSTRIAL FORMS 


| Sheets, molded and miscellan- 
| eous. Best oil resistance of 





eous. Best physical properties 





(Buna NN) | Buna rubbers 
Buna S | Co-polymer of butadiene and | Sheets, molded and miscellan- 
styrene 
of Buna rubbers 
Neoprene Polymer of chloroprene 


Vistanex (Oppanol) 


Resistoflex 


Thiokol, Perduren 


Koroseal, Flamenol, 
Knightware, Mipolam, 
Korolac 


chloride 


Irvolite tubing, 
Netco tape chloride-acetate 


Butyl rubber 


Polymer of isobutylene 
Hydrolizing of polyvinyl 
acetate — polyvinyl alcohol 
Condensation hydrocarbon 
| dihalides and polysulphides 
polyalkylene sulphides 


Plasticized polyvinyl 


Polyvinyl co-polymer of 


Latex, sheets, molding com- 
pounds, miscellaneous coatings, 
gaskets, cement, molded goods 





Included in rubber mixes to 
| improve aging. Molded forms 


Tubings and sheets 


Sheets, powder for molding 
compounds and miscellaneous 
coatings, gaskets, cements 
Extruded tubes, sheets, tapes, 
molded forms and surface coat- 
ings 

| Electrical insulation and con- 
duit 





Co-polymer of simple olefins | Tires, sheeting, rubber substi- 


| and small amount of dialefin | tute 





at higher temperatures. On the other 
hand, like Perbunan it retains good 
resiliency at temperatures as low as 
—40 deg. F., where other materials 
such as Neoprene will stiffen and be- 
come hard. Polybutenes will likewise 
not be stiffened by these low tempera- 
tures. 

Polyvinyl resins owe much of their 
high extensibility to the presence of a 
suitable plasticizer. Grades of various 
hardness are available ranging from 
20 points of the soft rubber Durom- 
eter scale, up to 100 points. Those 
grades with the highest elongation 
possess the lowest tensile strength, and 
vice versa. Typical test results, Fig. 2, 
show the relationship of tensile strength 
and elongation to the proportion of 
plasticizer in a polyvinyl chloride. 

Abrasion resistance of the materials 
is dependent upon the compounding and 
the ingredients added, and if high 
abrasion resistance is desired special 
compositions can be developed to meet 
this requirement. Most of the synthetic 
rubber-like materials have good abra- 
sion resistance. By compounding this 
quality can be varied. Buna S properly 
compounded with carbon black has 
quite high abrasion resistance, a prop- 
erty that is an important consideration 
in the wear of automobile tires. 


ELECTRICAL PROPERTIES — Electrical 


properties are dependent upon the par- 
ticular formulation and type of com- 


pound, though not affected to as marked 
a degree as are the mechanical prop- 
erties. Neoprene and Buna S resemble 
natural rubber most closely in elec- 
trical properties such as volume dielec- 
tric strength and surface electrical re- 
sistance. They are even better in one 
respect, in that they will suffer less 
change upon aging. Superior electrical 
properties are reported for polyisobuty- 
lene, Vistanex, with a surface leakage 
resistance of the order of 10° ohms. 
Good properties are also displayed by 
the high molecular weight plasticized 
polyvinyl chlorides, though with in- 
creasing plasticizer content the volts/ 
mil breakdown strength diminishes. 
However, the polyvinyls do not behave 
quite so satisfactorily at high voltages 
and at high temperatures. Butyl rub- 
bers have shown much better resist- 
ance to corona and ozone at high volt- 
ages than natural rubber. 

Outstanding among the polyvinyl res- 
ins with respect to dielectric proper- 
ties is a harder grade than polyvinyl 
butyral, polyvinyl formal, which is be- 
ing widely used in lieu of enamel 
coatings over bare copper wire. They 
will withstand much abuse in the way 
of flexing and abrasion with little loss 
in dielectric strength. In this respect 
they are superior to the earlier devel- 
oped enamel coatings. 

Neoprene and Buna S offer good 
dielectric strength and a high surface 
leakage resistance, while Perbunan and 
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Thiokol are less satisfactory as elec- 
trical insulators. All of the materials 
suffer some depreciation at high tem- 
peratures. 


CHEMICAL PROPERTIES—With respect to 
chemical properties, chief interest cen- 
ters on the comparative oil resistance, 
as measured by loss in tensile strength 
or the amount of swelling. Special 
grades of Neoprene compounds have 
been designed to withstand swelling in 
the presence of oil, though some does 
take place. A comparison with natural 
rubber for a Neoprene compound is 
shown in Fig. 3, where the amount of 
swelling, as measured by the increase of 
specimen weight, is plotted as a func- 
tion of time. Comparative ratings are 
also shown in Table II. It is often 
pointed out that the small amount of 
swelling occurring in Neoprene com- 
pounds or in Buna rubbers does not 
much affect their physical properties 
and consequently they may be as sat- 
isfactory in some applications as non- 
swelling rubber-like materials. How- 
ever, for a minimum amount of swell- 
ing in the presence of most mineral, 
animal, or vegetable oils, Thiokol or 
the polyvinyl resins have been more 
satisfactory. 

Perbunan (7 percent nitrogen) is 
best among the Buna rubbers from the 
standpoint of oil resistance, though its 
performance is improved slightly by a 
higher percentage of acrylic-nitrile, 
Perbunan Extra (9 to 10 percent nitro- 
gen). Like natural rubber and Neo- 
prene only more slowly, these Buna 
rubbers will slowly swell and dissolve 
in chlorinated and aromatic hydrocar- 
bons such as benzol, toluol, and carbon- 
tetrachloride. 

The Butyl rubbers exhibit unusually 
good acid resistance, it being reported 
that they will withstand concentrated 





Percent Change in Weight 


tH 100 150 200 
in Hours 


Time 


Table I 


I—Chemical Properties 


Resistance to Lubricating and Vegetable Oils* 


MATERIALS 


SWELLING 


Loss IN TENSILE STRENGTH 





Natural rubber 
Neoprene 

Buna S 
Perbunan 
Thiokol 
Koroseal 
Resistoflex 


large 
small 


slight 


none 
none 


small — larger 


very slight 


large 
slight 
slight 
slight 
very slight 
none 
none 


* Resistance decreases markedly with increased temperatures 


sulphuric and nitric acid for a greater 
length of time than natural rubber. 
They are, however, swollen by aliphatic 
hydrocarbon solvents as readily as nat- 
ural rubber, though they are more 
resistant to simple aromatics such as 
benzene and toluene. It has been be- 
lieved, however, that by eliminating un- 
saturation in the chemical structure 
of Butyl rubber, one of the major 
causes of rubber deterioration has been 
eliminated. Practical tests have shown 
excellent resistance to ozone and oxy- 
gen. 

The chemical resistance of the poly- 
vinyl resins vary somewhat for the syn- 
thetic resin and the plasticizer content 
may differ in their comparative be- 
havior. Koroseal is recommended for 
containers handling sulphuric, nitric, 
or hydrochloric acid in all proportions. 
It will also withstand chemical attack 
by strong alkalies and is used in the 
presence of oxidizing acids such as 
chromic acid, in chromium plating 
equipment. Though Koroseal will with- 
stand most oils, it is not usually recom- 
mended for use with gasoline. Poly- 
vinyl alcohol likewise displays excel- 
lent chemical resistance to strong acids 
and alkalies. However, it is not suitable 
in the presence of water, alcohol or 


250 300 


Fig. 3—Comparative resistance of Neoprene and natural rubber to vegetable oil indi- 
cates possibilities of properly compounded rubber-like materials for acid resistance 
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glycerine because polyvinyl alcohol will 
dissolve in these fluids. 

With regard to odor, the polyvinyl 
resins are substantially odorless, though 
traces of residual solvents are readily 
detected in certain grades. The syn- 
thetic rubbers Neoprene and Thiokol 
were unsatisfactory in their first com- 
mercial forms because of pronounced 
odors, though in more recent grades 
a distinct improvement can be noted, 
Grade G Neoprene, for example, being 
quite satisfactory in this respect. 


EFFECT OF TEMPERATURE—At higher 
temperatures the rubber-like materials 
will swell to a greater extent in oil; 
the thermoplastic compositions will 
creep much more rapidly under load; 
and generally poorer electrical prop- 
erties will be displayed. Very low tem- 
peratures will stiffen the synthetic 
rubbers, however, Thiokol will retain 
its resiliency at lower temperatures 
than the others. Butyl rubbers com- 
pare favorably with natural rubber 
when aged at 100 deg. C. while Butyl 
rubber loses little or no tensile strength 
the natural rubber becomes embrittled. 
Among the Buna rubbers, Buna $ 
possesses the best resistance toward 
high temperatures, suffering the least 
change upon prolonged exposure. Per- 
bunan and Neoprene will harden slowly 
upon prolonged exposure to heat. Cer- 
tain compounds of Neoprene do not 
begin to harden until temperatures of 
300 deg. F. and above are reached. 
On the other hand, polyvinyl resins 
should be used at temperatures below 
150 deg. F. though they will not tend 
to harden above that. While short ex- 
posures in excess of this temperature 
may be feasible in some circumstances, 
it must be remembered that creep will 
occur at an accelerating rate when load 
is applied, with a tendency to deform. 


[Editors Note: The next installment 
of this article will describe the vari- 
ous applications of synthetic rubber- 
like materials such as vibration absorb- 
ers, coatings for woven fabrics, appli- 
cations on felt, electrical insulation, 
hose, conduits and molded parts. | 


Propuct ENGINEERING 








will 


inyl 
ugh 
lily 
yn- 


kol 


ced 
des 
ted, 


ing 


her 
ials 
oil; 
will 
ad; 
'Op- 
em- 
etic 
tain 
ires 
om- 
)ber 
utyl 
igth 
Пед. 
a S 
zard 
east 
Per- 
ywly 
Cer- 
not 
s of 


‘sins 
low 
tend 
ex- 
ture 
ices, 
will 
load 


orm. 


nent 
vari- 
)ber- 
sorb- 
p pli- 
t ion, 





SPLINED CONNECTIONS 


Behavior of Various Types under Torsional Test 


ELECTION of the means to be 
used for fixing a pulley, gear, 
crank or clutch hub on the end 
of a shaft will depend on study of the 
advantages and disadvantages of the 
various methods from both engineering 
and production angles. These methods 
include tapering the shaft end and 
holding the member with a plain or a 
Woodruff key, holding by squaring the 
shaft end, by splining the end of the 
shaft, or by using a set screw or bolt to 
fasten a hub to the shaft. The tapered 
square shaft end is difficult to make 
accurate in quantity production. Keyed 
members weaken the shaft because the 
milled slot introduces stress concentra- 
tions which have harmful effects under 
reciprocating torsional loads. 
Progressive distortion and resultant 
failure has always been a fault of single 
key construction especially if the joint 
is to operate under periodic reversals of 
rotation. Unless designed for unusual 
strength, a single key will not stand up 
under such conditions. Any small 
amount of looseness will be quickly 
magnified and will result in serious dis- 
tortion of both the groove and key. Be- 
cause of uniform load distribution and 
low stress intensity around the shaft, 
splined construction offers certain ad- 
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vantages, although it may be higher in 
production cost. The “keys,” being an 
integral part of the shaft, slip less in the 
grooves, as a result there is a reduction 
in the tendency to “round-off” of the 
edges. 

Multiple keys, either four or six de- 
pending on size and strength required, 
have a much greater contact area than 
single keys; stress concentration is less. 
Greater torsional strength enables de- 
signers to reduce the amount of metal 
in both shaft and hub of a given joint. 
The hub can be made lighter and 
shorter, and the shaft smaller, without 
sacrificing any of the power transmit- 
ting capacity of the joint. An impor- 
tant advantage of the splined joint is 
indicated by comparing the values of 
stress concentration factors. (See P.E. 
April and May 1938. Factors of Stress 
Concentration. R. J. Roark). 

Some years ago a method of produc- 
ing a tapered spline was developed by 
Barber-Colman. By this method, key- 
ways of parallel sides and tapered root 
diameter are hobbed in the end of a 
straight shaft in much the same man- 
ner, and with the same speed, that gear 
teeth or straight splines can be cut. 
The mating part can be easily broached 
to fit whatever taper the end of the 


shaft is given. The taper fit helps to 
locate gears, pulleys and other parts 
accurately on the root diameter of the 
shaft and eliminates a tendency to stress 
concentration at the end of the splines. 

This method of attachment has been 
adopted widely in the tractor industry. 
Production is rapid. For example, to 
make an integral gear and shaft on the 
end of which is to be keyed a brake 
pulley, the gear is hobbed in one ma- 
chine after which the same operator 
places gear and shaft in an adjacent 
machine where the six-key taper spline 
is hobbed. Material is of S.A.E. 5140 
steel, 160-175 Brinell hardness. Taper 
spline has 1.372 in. outside diameter, 
1.625 in. length, 1.140-1.141 in. root 
diameter, 0.341—0.342 in. key width, 8 
deg. 7 min. 50 sec. included angle. One 
shaft is completed in 4.18 min. floor-to- 
floor time. As another example, a 
four-key taper spline is cut in an S.A.E. 
1315 cold drawn steel brake lever shaft 
in 1 min. 37 sec.; splines are equally 
spaced and parallel with axis of taper 
within + 0.0005 in. with + 0.012 in. 
per ft. tolerance on taper. 

A tapered spline having tapering 
keys on a cylindrical center portion 
may be more desirable from the stand- 
point of holding the mating part from 
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Test shafts after failure; letters refer to same specimens as table. Six-key taper spline in A has 1.060 in. root diameter at end, is 


115/16 їп. long and 5/16 in. wide keys. 


A V4 in. square key was used in shaft B which had a 1-15/16 in. long taper with 1.060 


in. diameter at small end. Shaft C had six straight splines with a root diameter of 1% in. between the 5/16 in. wide splines. 
Shaft D had a straight end, with a milled keyway 5/16 in. wide by 5/32 in. deep, key 5/16 in. wide and 7/16 in. depth 
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Comparative Strength of Various Types of Splined Connections 





| 

















| Yield Yield Ultimate Ultimate Twist 
ee | i . Point Point Strength Strength Before 
Specimen | Tvpe | Dimensions (Ft. Lb. | Comparison | (Ft. Lb. | Comparison | Break* 
| Torque) ( Percent) Torque) ( Percent) (Deg.) 
1 Taper spline Six-key taper spline, 1.060 in root diameter at| 4,800 | 100 | 5,999 | 100 100 
end, 13$ in. long, 55 in. wide keys. | | | 
| | 
В Taper shaft, | Single !4 in. square key, in tapered shaft, 1.060, 4,600 | 96 | 4,800 | 90 24 
| square key | in. diam. at small end, taper 13$ in. long. | | | 
| | | 
C Straight spline | Six-key straight splies, ;'; in. wide, root diam.| 4,400 92 | 4,600 87 15 
| 1 4 
| | g In. | 
р Straight shaft | Single key, ;5 in. wide and 4; in. deep, keyway| 4,300 90 | 4,700 89 34 
| key | milled # in. wide and 3; in. deep, shaft! 
| diameter 114 in. 


moving along the shaft or from turning. 
It can be cut easily by the proper hobs. 
There is, however, no rapid, economical 
method of producing the hub or mating 
part. It requires a long spiral cut which 
is not easy to make. 

Results of torsional tests made on 
several types of connections are sum- 
marized in the accompanying table. All 
shafts tested were of S.A.E. 3250 steel 
and 114 in. diameter. They were simi- 
larly heat-treated to give a_ tensile 
strength of approximately 200,000 Ib. 
per sq. in., and were ground on the 
O.D. to a smooth, check-free surface. 
The taper shafts were drawn fairly 
tight into the taper hole by a nut on the 
end of the shaft, as in usual practice. 
The fittings had a suitably machined 
hole to accommodate the corresponding 
shaft end with a good practical fit. The 
material used and size of shaft were 
selected arbitrarily to represent an 
average of many shafts commonly used 
in machine tool, machinery, automotive 
and agricultural machine design. The 
tests were not made with any idea of 
establishing absolute values but were 
made primarily to establish a basis for 
general comparison of the several types 
of shaft ends. A much wider range of 
materials and sizes would have to be 
tested before comprehensive design data 
could be established. 

The angle of twist was measured by 
the graduations in the torsional testing 
machine, which showed exactly at what 
angle and twist the shaft failed. This 
is important, as it indicates that the 
stress in taper spline construction is 
much more broadly distributed over the 
shaft than in other designs. Calculation 
will show that the taper spline shaft end 
has a torsional strength for all practical 
purposes equal to the torsional strength 
of the shaft at full diameter. The shaft 
twisted through 100 deg. before frac- 
ture; the lines of twist on the solid por- 
tion of the shaft were easily seen on the 
samples, and these lines reached quite 
a distance from the end of spline. 
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No further data is available at pres- 
ent on strength of taper splined joints. 
In fact we consider the splined joints 
equal in strength to the rest of the shaft 
as to torsion. There is the point, of 
course, to be considered of the bearing 
area available on the sides of keys. This 
is especially important where a steel 
shaft is inserted in a cast iron hub, in 
which case careful consideration must 
be given to key areas or else the key on 
shaft will imbed themselves into the 
cast iron hub, causing the whole joint 
to become loose. The answer to this is 


* As indicated on torsional testing machine 


to make the splines as long and as deep 
as possible. It is, of course, inherent in 
this design that the key area on the 
sides is only 1% of the area on a straight 
spline of similar dimensions and num- 
ber of keys. 

The weakness of the straight spline 
is that it is so made that a certain part 
of the spline section of shaft must pro- 
ject outside of the hub of the mating 
member, and it is in this projecting sec- 
tion, which is weakened by the keyways 
or portions between splines, that failure 
occurs. 





GASKETS OF SYNTHETIC MATERIAL 


ERTAIN types of cork or paper 
gaskets, while preventing oil leak- 

age to some extent, have never been 
wholly satisfactory. With synthetic rub- 
ber available in commercial quantities, 
research was started by Chrysler Cor- 
poration engineers to develop gaskets 
with greatly improved sealing qualities, 
of simplified construction, and com- 
pletely domestic from the viewpoint of 
raw materials used in their fabrication. 
The two main types of gaskets 
evolved were Thiokol-coated paper and 
Ligno-Neoprene compositions. The for- 
mer material supplants the paper gas- 
ket and is used in applications where 
gaskets of extreme thinness are re- 
quired, such as between machined sur- 
faces and castings. The latter supplants 
cork and is used in applications where 
a softer and more resilient material is 
needed, such as between stampings, and 
in tappet cover and oil-pan applications. 
The Thiokol-coated gaskets are made 
from tough paper, with ability to return 
to natural shape, completely coated 
with a layer of Thiokol synthetic rub- 
ber. The synthetic-rubber coating acts 
as a protecting layer around the porous 
paper and prevents the leakage of oils 
and gasoline through the paper. When 


these gaskets are bolted between the 
surfaces, the synthetic rubber flows into 
every tool mark and variation in the 
machined surface to make a perfectly 
sealed unit. Comparative tests on un- 
coated high quality paper and Thiokol- 
coated paper gaskets indicate an 800 
percent improvement in sealing and life. 

The second type of gasket developed 
is a composition of Neoprene, mixed 
with lignin. Lignin and ligno-cellulose 
are resins obtained from waste cellu- 
losic materials. In view of the present 
world conditions, this new gasket ma- 
terial is more valuable than cork, since 
cork is obtained mostly from Spain 
and Portugal. 

The lignin resins, it was found, were 
almost impossible to plasticize so that 
they could be molded under present 
commercial conditions. Rubber and 
many synthetic rubbers were tried as 
plasticizers but Neoprene proved to be 
the best, when used in low percentages. 
With the proportion of Ligno-Neoprene 
raised to 20 parts of Neoprene with 80 
parts of lignin resin, an extremely flex- 
ible rubber-like material of low elonga- 
tion was produced. This material with: 
stands oil, gasoline, and high tempera- 
tures such as 600 deg. F. for 24 hours. 
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Causes and Cures 









“Ears” found after cupping always divided the 
circumference into three, four or five equal parts 





t { 1 Gas leakage was reported through stainless steel valves 
۴ ‘Blanked and cupped aluminum” used to control the flow of gases at approximately 2,000 lb. 
per sq.in. pressure in anesthetic equipment and in oxygen 
e control devices for sub-stratosphere flight equipment. There 
1 After blanking and cupping sheet aluminum, peculiar was no temperature problem, and valve seats appeared to be 
» "ears" were found at the edges of the cups as shown. Some- perfect. The gas loss apparently occurred through the metal 
5 times there were three ears, sometimes more, but they were itself. This may have been caused by slight porosity in the 
always located at regular intervals around the circumference. metal, or by the presence of tiny cracks resulting from slag 
е Research men at Aluminum Company of America found that or scale inclusions in the relatively non-porous No. 5 or No. 8 
е this was caused by regular patterns formed in the molecular stainless steels. Although the cause of the leakage is not 
structure during heat-treatment. Cure was to change the definitely known, it has been cured by making the valves of 
heat-treatment such that completely random arrangement of beryllium copper. Cold-drawn rods containing 2 percent be- 
the molecules resulted. This permitted a more even flow ryllium, 0.3 percent cobalt, balance copper. are machined to 
of the metal during the cupping operation. accurate finish tolerances and given final heat-treatment. 
н Swedish stee/ flutter valve 
0 ` 
ie н ; 
E i” 
^ SS a _--- Cover plate.. \ EX 
1. کک‎ 
0 М ڪا‎ SS 
e. 4 -Plasfíc or ---- Y Г 
n die casting 
d . 
se Fatigue cracks started in burrs 
» left by punching 
nt 
a- 
м Poor- Stud easily pulled out; Good- Shoulder takes pull of 
in Thread tends to fill up nut and keeps thread from Flutter-valve in compressor of West- 
filling during molding кайшы жа =? K 
inghouse refrigerator is punched from 
re thin high-grade Swedish spring steel. 
at Early tests showed that the slight burr 
nt left after stamping was the starting 
id place of fatigue cracks which worked 
as Studs used as inserts in plastic ing a stud with its diameter stepped at their way through the high-stress area 
be moldings or in die castings sometimes or near the face of the molding or cast- from the base of the tongue to nearby 
S, pull out if the nut on the stud is tight- ing formed around it. The shoulder of holes. Cure was simply to lightly grind 
ne ened too much. Also, trouble may be the stud takes the stress when the nut off the burrs with a small portable 
30 caused by the plastic or the metal flow- is tightened and also tends to keep the grinder from both sides of the valve. 
х- ing into the threads of the stud where plastic or metal from flowing into the PRODUCT ENGINEERING will pay a minimum 
a It must be cleaned out subsequently. thread. Good die-cast or molded plastic ^ of $3 for each example published in Causes and 
h- Both troubles can be avoided by insert- designs have such studs. — PR 
1 y е esig е 8 drawings, rough sketches or photographs. 
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DESIGN FOR MACHINING- 


SKETCHES on these pages illustrate how 
many common machine details can be 
altered slightly by the product engineer 
in order to save unnecessary work in 
the machine shop. This article, based 


ERNEST GEIGER 


on common shop practices, is the second 
of a series by Dr. Geiger. The rights and 
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wrongs of “Castings and Forgings” 
appeared on pages 72 and 73 of Pnop- 
uct ENGINEERING for February; design 
details for easier assembly will be cov- 
ered in a later number. 
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The Rights and Wrongs of Details 
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SURFACE ROUGHNESS 


Methods of Measurement 


HY is surface roughness and 

its measurement assuming 

such an important place? 
The answer is not far to seek if we 
think of some of the factors in the 
performance of machine parts and the 
utility of consumer’s articles which de- 
pend on surface finish: 

Fatigue strength of machine parts 

Conductivity of electrical contacts 

Tightness of metal to metal steam or 
gas joints 

Leakage of flapper valves 

Effectiveness of dry collector sur- 
faces (electric) in rubbing contact 

Friction and load carrying capacity 
under semi-fluid lubrication 

Heat transfer from metal-to-metal or 
metal-to-fluid 

Resistance to fluid flow 

Tightness of press or shrink fits 

Minimum tolerances it is practic- 
able to specify 

Resistance to surface fatigue as in 
ball bearings 

Resistance to surface “Brinelling” 

Reflectivitly, gloss and appearance 

Four questions have commanded at- 
tention in connection with surface 
roughness: How should roughness be 
described or specified? What sort of 
surface should be used to best fulfill a 
certain function? What is the most 
economical way to produce a surface of 
specified quality? How can roughness 
be checked and measured? 

Progress has been made in recent 
years in attacking all of these prob- 
lems. But progress along the first 
three lines has depended fundamentally 
on the perfection of techniques for ob- 
serving and measuring surfaces. The 
methods of evaluating surfaces fall into 
three general groups, typified by: 

(1) Qualitative comparison with a 
standard with the aid of instruments. 

(2) Making a measurement of a 
quantity involved in a physical phe- 
nomenon dependent on roughness. 

(3) Observation of the micro-geo- 
metrical character of the surface. 


Qualitative Comparison 


There will probably always be an 
important place for methods of evalu- 
ating workshop finishes based on com- 
parison with standard samples, both 
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from economic as well as fundamental 
considerations. Progress in recent 
years has come about with the develop- 
ment of handy microscope attachments 
for oblique (dark field) illumination. 
Inasmuch as identical illumination con- 
ditions are essential in a microscopic 
comparison of surfaces, these develop- 
ments are by no means trivial. Promi- 
nent optical firms now supply special 
small illuminators for oblique lighting, 
and special objectives which permit 
dark field illumination by means of a 
cone of light converging from all direc- 
tions around the objective. There is 
also available a comparison microscope, 
the Busch surface comparator, which 
permits simultaneous observation of 
work piece and standard in a single 
microscope field of view, both pieces 
being similarly illuminated. 


Measuring by Physical 
Phenomenon 


Where the performance of a product 
hinges in some way on surface rough- 
ness, it has often been found advisable 
to measure and rate surfaces by means 
of a test that approximates service con- 
ditions. Thus, if leakage is involved, 
some form of leakage may be used to 
evaluate roughness. Some of these 
methods of measurement are: the 
Solex pneumatic micrometer; the Tör- 
nebohm *Thetameter"; the Wallace re- 
cording dynamometer; light reflection 
methods. 

The arrangement of the Solex mi- 
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Fig. i—Diagram showing the principle 
of operation of the Solex micrometer for 
measuring surface roughness 





crometer, developed by Professor Nic- 
olau in France, is shown in Fig. 1. 
This is a device based on the principle 
that air leaks out more rapidly under 
the edge of the cup placed over a rough 
surface than when over a smooth sur- 
face. The pressure ratio (p; — ps) /p: 
is the quantity measured. 

The Térnebohm “Thetameter” (Ref. 
1) utilizes the phenomenon that a 
hardened steel ball pressed against a 
surface flattens the surface irregulari- 
ties, at the same time producing elastic 
deformation. In the standard arrange- 
ment of this device the increase in 
pressure above a fixed load on the ball 
necessary to cause a relative displace- 
ment of 0.00004 in. is measured. This 
increase will be greater for smooth 
surfaces than for rough ones. Ob- 
viously, this method cannot be used to 
compare finishes on different materials 
without preliminary calibration. 

The Wallace Recording Dynamom- 
eter (Ref. 2) employs a swinging pen- 
dulum with solid friction damping at 
the pivot. The test piece constitutes 
the pivot, and the rate of damping is a 
function of its roughness. The clean- 
liness of the surfaces, as well as the 
nature of the materials, also has a 
pronounced effect on the frictional 
force, so that these factors must be 
considered. 

In the light reflection methods, the 
surface is illuminated obliquely and 
the relative amounts of specularly and 
diffusely reflected light are measured. 
The form rather than the magnitude of 
the surface irregularities determines 
these proportions of the reflected light, 
(Ref. 3). For a matte surface the pro- 
portion ,of specularly reflected light 
would bé very small, while for a pol- 
ished surface most all of the light 
would be specularly reflected. 


Micro-Geometrical Aspects 


Before mentioning the various meth- 
ods of measurement under this heading 
it will be well to define some geometri- 
cal quantities. Referring to Fig. 2. 
a number of distances can be associated 
with roughness, such as: 

Amor = difference in elevation of 

peaks and valleys in a certain 
length of profile curve 
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Fig. 2—Dimensions and geometrical quantities used to describe surface roughness 


h, — average height of the profile 
above the valley tangent line 
AA 
h, — average depth of the profile 
below the peak tangent line 
BB 
him; = defined as the square root of 
the average of the squared 
value of the departure of the 
profile curve from the mean 
line CC 
haer. = average absolute value, with- 
out regard to sign of the de- 
viation of the profile curve 
from mean line CC 


We could also introduce some capital 
letter symbols H maz, Hı, etc. for quanti- 
ties corresponding to Amar, hi, etc. but 
determined from measurements on a 
small surface area rather than from a 
length of profile curve. 

Though these geometrical parameters 
can always be determined after a pro- 
file or contour survey of the surface 
has been made, some of them can be 
determined directly with instruments 
developed in recent years. We will 
discuss these instruments first, and 
later on those which provide a profile 
record. 

For the determination of Amas di- 
rectly, use may be made of a simple 
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light reflection method suggested by 
Jentzsch, the optical cut method or a 
micro-interferometer. Suppose the sur- 
face is illuminated by a ray of light 
making an angle a with the perpen- 
dicular, and viewed from the direction 
of specular reflection. There will then 
be found a critical value for a below 
which the surface cannot serve as a 
mirror. It is found that the minimum 
value of a for which the surface func- 
tions as a good mirror is the angle 
whose cosine is 1/16 hmaz, l being the 
wave length of light use. For green 
light 7 = 0.000021 in. Hence hmar = 
1/16 cos a. This is, of course, a method 
of estimating Amaz rather approxi- 
mately. 

The micro-interferometer utilizes the 
principle that superimposed light 
beams displaced one-half wave length 
relatively to each other will cancel. 
The light reflected from the test sur- 
face is brought into interference with 
the light reflected from an optically 
flat mirror. By tilting the test surface 
slightly, a series of interference bands 
is produced, and scratches on the sur- 
face produce projections on these 
bands. The bands indicate differences 
in elevation of amount //2, and the 
length of the projections indicates the 
depth of the scratches. An interfer- 


Collimated 
beam 


Fig. 3—In the optical cut method for measuring surface roughness, straight edge 
Projection method, left, or straight edge shadow method, right, may be used 
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ence photomicrograph wherein the prv- 
jections are about 1/2 fringe interval, 
indicates that the scratches are of 
depth 0.000005 in. The micro-inter- 
ferometer has been developed by Lin- 
nik in the U.S.S.R. and by the firm of 
Carl Zeiss. 

For the determination of Arms, a 
handy instrument to use is the well- 
known Profilometer of Dr. E. J. Abbott 
of the Physicists Research Company. 
This is a tracer type of instrument 
with a diamond tracer point, elec- 
tromagnetic pickup, a.c. amplifier and 
an indicating meter graduated in mil- 
lionths of an inch, showing the value 
of h,,,. Travel of the pickup head 
may be controlled manually or by a 
driving device. Recent improvements 
make possible the measurement of h,», 
in places hitherto inaccessible with 
this instrument, such as gear tooth 
flanks and the bores of small holes. 
The tip radius of the diamond point is 
approximately 0.0005 in. and the bear- 
ing pressure is so adjusted that this 
point produces no scratching of most 
metal surfaces. Any instrument that 
provides a direct measure of h,,, is of 
special interest because of the Pro- 
posed Recommended Standard for Sur- 
face Roughness, (Ref. 4), of the Amer- 
ican Standards Association, which is 
based on h,,, values. 

An arrangement of apparatus has 
been developed by Perthen in Ger- 
quantity H.. It is essentially a con- 
denser, one plate of which is a true 
plane, or cylindrical metal surface as 
the case may be, and the other plate 
is a portion of the surface being ex- 
amined. A solid uniform layer of di- 
electric material is interposed between 
these surfaces. If d is the thickness 
of the dielectric layer, k its dielectric 
constant and F the plate area, the 
capacity of the condenser is given by, 


F 


i (Een) 


As the capacity can be measured elec- 
trically, H, can be readily determined. 

Another scheme developed abroad is 
the Flemming integrator. It measures 
the average slope of the profile curve 
between two points, or, what amounts 
to the same thing, the sum of all the 
“drops” of the profile curve from a 
starting point to an end point at the 
same elevation and unit distance away. 
an ingenious integrating i 


C= 


device is 
employed to record and sum up dis- 
placements of a tracer point in the 
downward direction while being uninflu- 
enced by displacements in the upward 
direction. A sloping staple shaped 
rider on a bar which moves up and 
down while the ends of the staple rest 
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on a glass plate constitutes the inte- 
grating mechanism. 

Turning. now, to means of observing 
an interval of the profile curve we have 
sectioning methods, the optical cut 
method and tracer point methods, all 
of which will be described. 


Sectioning Method 


In the sectioning method the piece 
is first plated with some suitable 
metal, then cut and polished either in 
a plane perpendicular or oblique to 
the surface. The sample must be set 
up in Woods metal or other mounting 
material for the polishing operation. 
Recent progress has been made in ap- 
plying this method with the use of 
oblique sections making an acute angle 
with the surface (Ref. 5). In this 
case special care must be taken to 
insure that the plating bath does not 
etch the surface, that the metal plat- 
ing adheres firmly and that the plating 
material is of approximately the same 
hardness as the parent metal to pre- 
vent wiping and relief effects. In the 
hands of a careful operator, the sec- 
tioning method is one of the most 
accurate we have of observing the pro- 
file shape. The ability to magnify the 
bounding surface with a microscope 
presents no limitations in this case, 
the real limitations being those asso- 
ciated with workmanship. The section- 
ing methods, of course, have the dis- 
advantage that the work piece is 
destroyed. One way of overcoming 
this, at the expense of greater labor 
and loss of accuracy, is to make a cast 
or mold of the surface and then apply 
the sectioning technique. For rough 
work, the cast can be made of gela- 
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Fig. 4—The Brush surface analyzer, a convenient instrument for rapidly measuring surface roughness, and typical records 


tin and sectioned with a microtome. 

The optical cut method may be used 
in either of two ways, the straight 
edge projection arrangement or the 
straight edge shadow arrangement, 
both of which are shown in Fig. 3. In 
the former the optical image of a 
straight edge is projected obliquely on 
the surface, and in the latter the 
shadow of a straight edge placed on 
the surface is used. A straight edge 
projection microscope developed by G. 
Schmaltz is now supplied by Carl 
Zeiss, Inc. It employs angles of illu- 
mination and viewing of 45 deg. lead- 
ing to a vertical magnification of the 
profile 1.41 times the horizontal. 
Straight edge shadow attachments are 
not on the market but may be readily 
assembled by a competent mechanic. A 


short section of razor blade of good 
quality is a satisfactory straight edge, 
and it may be supported by a small 
fitting that slips over the end of the 
objective. A tapered objective such 
as the Zeiss “epi” series with a Zeiss 
epi-lamp are convenient parts to use. 
If 60-deg. angles of illumination and 
viewing are used the profile is observed 
in its true shape. The highest power 
objectives that can be used because of 
space limitations at the lower end, are 
N.A. 0.400 in the case of the straight 
edge projection method and N.A. 0.650 
in the case of the straight edge shadow 
arrangement. Limitations arise in the 
projection method because of fuzziness 
of the projected image on the non- 
uniform surface, and in the case of the 
shadow method because of diffraction 


Table I—Features of Tracer-Type Instruments 





PART 





Point material. . . . 


m O 254. 
Tip radius (approx.)...| 0.0005 or 0.0001 in 
Pickup...............| piezo-electric crystal 
АЛАЛ... 2444 a.c. amplifier..... 


Recorder............ 
ИешыШу............ 


Vertical magnification. . | 


SURFACE ANALYZER 


E | 0.00005 in. 


ink recording oscillograph. . es 

wave lengths 0.004 to 0.0002 in.| wide range of wavelengths 
Рин АЙИН. .......... readily portable. . 
up to 60,000 x... 


| 
PROFILE RECORDER 


C DRE | diamond 


RENT | electromagnetic 
| „сб 
a.c. amplifier 
| cathode beam and camera 


| non-portable 
up to 50,000 x 





Table II—Effect of Tracer Point Radius 


(Values in millionths of an inch) 





| 0.0005 1N. | 








AcrTuaAL h,,,; 0.0001 IN. 0.00005 IN. 
SAMPLE (FROM SECTION) RADIUS RADIUS RADIUS 
Pi 10 50 60 
P,’ | 85 10 15 
Р,’ | 70 52 60 
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as the lizht passes the straight edge. 
In either case the lower limit of observ- 
able irregularities is Ana. = 0.00000 
in. approximately. 

The tracer type of instruments have 
had an interesting period of devel- 
opment. both in America and Europe. 
During the last few years two instru- 
ments have come to the fore, the 
Brush surface analyzer, Fig. 4, and the 
Abbott instrument may do more be- 
In Table I are listed various features 
of these instruments. 

The Brush instrument is the more 
convenient and rapid in operation of 
the two instruments since it is not 
necessary to develop a film, but the 
Abbott instrument may do more be- 
cause of the selective circuits permit- 
ting study of irregularities of widely 
different wave lengths. Also the pro- 
file recorder may be a little more accu- 
rate because of the smaller tip radius 
on the tracer point, if we assume the 
accuracy of the instrument is compar- 
able in other respects. In both instru- 
ments a selection of horizontal magnifi- 
cations is possible, so that profile 
records may be compressed to a con- 
venient length. 


Point Radius Error 


When we speak of the error intro- 
duced in the tracer instruments be- 
cause of a finite point radius we are 
considering an illusive thing. In the 
first place, the tip of the diamond or 
sapphire is not likely to be a perfect 
sphere, as might at first be assumed, 
but is just as apt to be nearly flat, 
that is, a circular arear of small radius. 
Secondly, the error arising from the 
inability of the point to bottom some 
of the valleys is not a function of the 
magnitude of the irregularities. The 
point radius 0.0001 in. will give a 
record accurate to + 10 percent on a 
profile with Amaz a certain value. The 
best we can do is make careful studies 
by independent methods and compare 
the results for different types of sur- 
face finish. 

A few results of this nature will be 
shown. The writer chose three pro- 
Ше photomicrographs obtained by 
Sawyer (Ref. 6) using the sectioning 
technique and made traces of them 
with facsimile tracer points of various 
radii. A spherical end on the tracer 
point was assumed. Table II gives 
values of hmaz obtained in this way 
from three of Sawyer's photomicro- 
graphs and for three tracer point radii. 

Another more detailed study, some 
results of which are given in Table III, 
has been made by Nelson, whose work 
in connection with the taper section 
process was mentioned above. Nelson 
compares Amar from taper section 
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Table III—Comparison of Roughness Measurements 





SECTION PROFIL- 
FintsH Process METHOD BRUSH OMETER 
Maes hmaz hmaz 
Ground, 3846K5B alundum vitreous wheel......... — 12 12 
Ground, 3880J8BE alundum vitreous wheel........ 85 50 6 
Ground, 37500H9L Crystolon shellac bonded wheel. . 15 10 1.6 
Lapped, 600 alundum. ... Roues dese E 50 30 3 
Lapped, levigated alumina. . . Neun RM 55 20 3 
Lapped, commercial compound............ 90 18 5-6 
Sand papered, 320 alundum............... 30 24 5 
Sand papered, 400 alundum.................... 15 10 1.3 
‘* Hyprolapped,”’ 39400/3J9 Cryst. vitreous wheels 30 30 2.5 
Superfinished, 39500L13C Cryst. vitreous sticks... .. 15 16 1.6 
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Fig. 5—Electric profile recorder made by the Physicists Research Company. Some 


typical profile records are shown above 


studies with Apa, indicated with the 
Brush recorder with a point of 0.0005 
in. tip radius, and with A,m., values ob- 
tained with the  profilometer, also 
0.0005 in. tip radius. 

On the superfinished surface of Amaz 
= 15 micro inches, the Brush record 
is essentially correct, while on the 
lapped surfaces of much larger Amaz 
magnitude the error is considerable 
with the 0.0005 in. point. When we 
speak of errors here we are supposing 
that the taper section values are cor- 
rect. There may be some legitimate 
doubts here, but the section method is 
one of the most accurate we have at 
this time for observing a surface pro- 
file. It would be of interest to make 
similar comparisons using tracer points 
of 0.0001 in. radius and 0.00005 in. 
radius. One would expect a quite 
good agreement in most of the above 
cases when such points are used. 

For the accurate observation of pro- 
file curves wherein Ay» se is less than 10 
millionths of an inch we do not have 
a reliable method at the present time. 


Finely pointed tracer instruments may 
give accurate results for some types 
of surface of this scale but inaccurate 
results for others. Improvement of 
instruments to make possible reliable 
observations of profile forms of this 
order of magnitude, h,,, — 1 to 10 
microinches, is the next step in the 
measurement of roughness. 





(Ref. 1) Developed by H. Tornebohm of 
S.K.F. Industries. 
(Ref. 2) Chrysler Corporation. 


(Ref. 3) Instruments using this prin- 
ciple have been developed by the Salford 
Electric Co., Salford, England, and by 
J. Guild at the National Physical Labora- 
tory, Teddington, England. 

(Ref. 4) Published by American So- 
ciety for Mechanical Engineers, 29 West 
39th St, New York, N. Y. 

(Ref. 5) H. R. Nelson, Battelle Me- 
morial Inst., Proc. Special Summer Con- 
ferences on Friction and Surface Finish, 
Massachusetts Institute of Technology, 
Cambridge, Mass., June 1940. 

(Ref. 6) C. B. Sawyer, Trans. A.S.M.E.. 
Vol. 53, 1931. 





AIRCRAFT AUXILIARY POWER | 


Main Engine Power Take-Off vs. Auxiliary Engines 


VERNON H. GRANT, 


Electrical Engineer, Bureau of Aeronautics, Navy Department 


O PROVIDE a suitable power 

source from which to operate the 

auxiliary generating equipment 
required on the modern plane for driv- 
ing accessories, the engineer is forced 
to accept one of two alternatives: he 
must tap the main engine or engines, 
or provide for installation of one or 
more auxiliary engines. Power take-off 
from the engines can be accomplished 
by methods such as direct mechanical 
drive; the propeller-slipstream-windmill 
method; the use of exhaust gas pres- 
sure; or the recovery of exhaust heat 
energy, which engine designers make 
great efforts to dispose of successfully. 
To date, direct mechanical coupling 
appears to have a decided edge over 
other methods when efficiencies and 
equipment weights are taken into ac- 
count. Considerable promise is in pros- 
pect for the exhaust heat system, how- 
ever, since the efficiency of conversion 
is 100 percent; that is, energy other- 
wise wasted is utilized. 

Before approaching the problem it- 
self, it is well to note that aircraft 
engine designers and installation engi- 
neers are revising their viewpoints to 
the realization that the main engine is, 
after all, a power plant for operating the 
entire airplane, and not solely to give it 
forward speed. The auxiliary power 
system of a modern airplane, particu- 
larly a military or naval type, is vital 
to its performance, and an airplane 
which has lost its auxiliary power gen- 
erating system had best return to its 
base, if it can. 

The development of an airplane, in- 
cluding its auxiliary power system, is a 
series of compromises. Except for 
gradual improvement in materials and 
in knowledge of their uses, a gain along 
one line usually means sacrificing some 
other feature. It is necessary then to 
keep in mind a clear picture of the air- 
plane in service, and to assign, by means 
of the well-known “engineering judg- 
ment,” weighting factors to the effects 
of modifications upon performance, 
cost, ease of overhaul, and such. The 
following factors are believed to be of 
sufficient importance to be considered 
at this time (no attempt is made to indi- 
cate the relative importance of each 
factor). 
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Two basic sources are available 
for driving equipment, such as 
hydraulic pumps, pneumatic 
pumps, and electric generators 
which furnish auxiliary power to 
aircraft. Either the main propul- 
sion engine or engines, or one or 
more auxiliary engines must be 
used. When the problem is ana- 
lyzed, it will be found desirable 
to use the main engine as an 
auxiliary power source in cases 
where power is not required with 
the airplane at rest. For flying 
boats requiring power at anchor, 
the use of auxiliary engines is, 
at the present stage of develop- 
ment, mandatory. The advisabil- 
ity of using auxiliary engines dur- 
ing flight also depends upon the 
particular installation and its 
features. 





Reliability. Present-day auxiliary 
power engines are generally unreliable, 
from the aircraft designer’s point of 
view. Caused, primarily, by the new- 
ness of the field, their development is 
comparable to that of main engines in 
1920. However, it is acknowledged that 
the expenditure of sufficient time aad 
money, probably considerably less of 
each than in the case of main engines, 
in proper research and redesign will 
help in future production of auxiliary 
engines having suitable reliability in 
operation. Whether or not the result, 
even if reliable, is superior to the main 
engine as a source of auxiliary power, 
must be determined from a study of 
each particular plane’s requirements. 


Effect on Performance. This term 


is used instead of “weight” because of 
the unfortunate lack of a simple para- 
meter with which to equate gross weight 
and propulsion power. The Appendix, 
prepared by G. L. Desmond of the 
Bureau of Aeronautics, is an analysis 
of the effect of different methods of 
obtaining auxiliary power on the per 
formance of a typical airplane. It will 
be noted that, under the conditions 
assumed, diversion of power from the 


propeller, or, in other words, use of the 
main engine (col. B) produces superior 
performance in so far as stalling speed, 
rate of climb, ceiling, and take-off are 
concerned; while the installation of an 
auxiliary power unit (col. C) gives a 
greater value of high speed. This Ap. 
pendix is based upon the use of a single 
auxiliary engine weighing 6 lb. per hp. 
at 20,000 ft., plus supports, ducts, etc., 
weighing 2 lb. per hp. The engine 
weight was obtained from Fig. 2 which 
was prepared from available data on 
auxiliary engine weight. Actually, the 
engine would undoubtedly be used in 
duplicate for reliability, and the com- 
bined weight would be nearer 16 lb. per 
hp. With smaller auxiliary loads, as are 
now being used, the combined weight 
would probably be about 40 lb. per hp. 

On the other hand, a condition prob- 
ably peculiar to Navy flying boats ne- 
cessitates continuous availability of 
some power while at anchorage, al. 
though usually considerably less than 
the critical night altitude battle condi- 
tion; and power while at sea level; 
though, possibly, not in duplicate; all 
of which would call for a much smaller 
unit than one designed to carry all 
flight loads. The problem, then, re- 
solves itself to a choice of one of the 
following alternatives. 


(1) Enlarging, supercharging, and 
duplicating engines required for moored 
loads. 

(2) Carrying auxiliary engines and 
generators as dead weight; using main 
engines for all power during flight. 

(3) Retaining auxiliary engines of 
minimum size and number required for 
moored loads; using them in flight for 
peak or stand-by service at such reduced 
output as they will supply at high 
altitudes. 

By way of explanation of the values 
of endurance used in conditions C and 
D of the Appendix, it will be noted that 
5 hr. flight has been assumed for full 
throttle, which results in 16.7 hr. for 
normal cruising. If, under conditions 
B, D, and E, the throttle is partly closed 
for cruising, auxiliary power can be ob- 
tained at no cost in plant weight; as 
only the fuel for cruising endurance 
need be considered. This corresponds 
to the “off-peak” load condition of a 
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power station when additional power 
can be generated for the cost of the 
extra fuel. For full throttle, the propor- 
tionate weight of the engine must be 
charged to the auxiliary load, together 
with fuel for a shorter period. This 
latter alternative was chosen as repre- 
senting the more severe condition. 


Maintenanee. A *cleaned-up" engine 
is unquestionably easier to maintain and 
overhaul than the typical modern mili- 
tary engine with its multitude of non- 
engine accessories. On the other hand, 
an auxiliary engine is practically as 
complex as a main engine, and requires 
a comparable amount of maintenance 
and overhaul time. Thus, a twin-engine 
airplane with two auxiliary power units 
is a four-engine plane, in so far as 
engine maintenance and overhaul are 
concerned. Although only one auxiliary 
engine need be operated at a time, it 
may be run continuously while at 
anchor as well as in flight, so that it is 
possible for an auxiliary engine to have 
more operating time, per year, than 
the main engines. When used only at 
anchor, however, overhaul and parts 
replacement intervals would be length- 
ened considerably. 

The multiplicity of aircraft power 
systems now in use certainly does not 
represent well coordinated design. An 
analysis of this matter is being made 
and is expected to indicate the possi- 
bility of eliminating, by consolidation, 
most of the non-engine accessories now 
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Fig. 1—Auxiliary power plant designed for 
ing 5 kw., 24 volt d.c., of continuous power 





use in airplanes by the Lawrance Engineering and Research Corporation, furnish- 


at 10,000 ft. altitude 


hung on engine rear sections. This, it 
is believed, will answer the present valid 
argument for removing everything to 
auxiliary engines for the sake of facili- 
tating main engine maintenance. 


Fire Hazard. The operation of an 
engine inside a hull or fuselage in- 
creases the hazard of fire; this cannot 
be denied. On flying boats having such 
engines this risk is unavoidable, at pres- 
ent, while at anchor, and the power unit 
compartment must be protected against 
fire. 


Noise and Vibration. Experience to 
date does not show auxiliary engines in 
a particularly favorable light. This is 
probably due to the newness of the field 
and the relative inexperience of some 
of the designers, but noise may be in- 
herent in high-speed, supercharged en- 
gines. At any rate, noise and vibration 
are most objectionable at anchor, with 
the main engine stopped; but the ab- 
sence of additional noise and vibration 
during flight is certainly desirable. 


Adaptability. Auxiliary engines, gov- 
erned for close speed regulation, are 
adaptable for driving a.c. generators; 
main engines are not, without excess- 
ively heavy and complex constant-speed 
drive mechanisms. However, the neces- 
sity for using a.c. is not apparent; and 
d.c. power is superior to a.c. for prac- 
tically all the services required on naval 
aircraft. Any advantages of a.c. do not 
appear to be worth the price, i.e.. that 


of installing auxiliary engines. An 
auxiliary unit generator, not having its 
design restricted by space and variable 
operating speed requirements, should 
be slightly lighter than a main-engine 
generator, but none the less generators 
have been designed for main engine use 
which are actually lighter than corre- 
sponding auxiliary engine generators. 
This indicates that the difference in 
weight is not a determining factor. 


Compactness. Auxiliary engines re- 
quire space within the hull which could 
otherwise be assigned to a useful load. 
As power and altitude requirements in- 
crease, this effect becomes more notice- 
able. As auxiliary power requirements 
increase, it will probably be found im- 
practicable to install large engines re- 
quired to carry altitude loads in the air- 
plane. This problem is minimized in 
the case of flying boats by installing 
only sufficient auxiliary engine power 
to handle moored loads. 


Vulnerability. An auxiliary engine 
presents an unnecessary additional tar- 
get. It is believed that the light con- 
struction of an auxiliary engine would 
render it more liable to damage by bul- 
lets than a main engine, although no 
specific data on this matter are avail- 
able. If a main engine is disabled, the 
airplane will be forced down anyway, 
unless remaining engines will keep it 
adoft, in which case they can also de- 
liver essential auxiliary power. 

The problem, then, appears to divide 
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itself into two classes of airplanes: 
those requiring auxiliary power only in 
flight (land planes), and those (flying 
boats) requiring power for extended 
periods while at anchor. In the former 
class, there seems to be no logical 


reason for using auxiliary engines. The 


analysis for flying boats is much more 
involved, and requires consideration of 
the following factors, which may vary 
from one design to another. 

(1) What are relative power require- 
ments at anchor and at altitude? 


(2) What are relative magnitudes of 
essential and non-essential power at 
anchor and at altitude? (Non-essential 
circuits can easily be isolated and cut 
off at the main distribution panel when 
power demands for essential circuits 
become large). 

(3) Are moored loads of such im- 
portance that two units are required for 
reliability ? 

(4) If so, can both be assumed oper- 
ating to take care of essential loads? 
Assume, for example, a requirement of 
40 hp. By reference to Fig. 2, it will 
be noted that a 40 hp. engine weighs 
3.8 lb. per hp. or 152 lb. Two 20 hp. 
engines, however, weigh 6 lb. per hp. 
each, or a total of 240 lb. To the differ- 
ence must be added increases in gen- 
erator and installation weights. 

(5) What is the order of relative im- 
portance of the performance items listed 
in the Appendix? 

(6) Is the effect on airplane perform- 
ance of auxiliary engine sizes, and 
amounts of auxiliary power, of the 
order of magnitude used in the Ap- 
pendix negligible? 

(7) In general, can n generators or 
auxiliary units be used to supply, in 
parallel, the total load, if n-1 will supply 
essential loads? For example, if the 
total load is 10 kw., and the essential 
load 6 kw. can either two 6 kw. or three 
314 kw. units be used? 

On the basis of the foregoing discus- 
sion, the following recommendations 
may be made: Use auxiliary engines 
only where power will be needed with 
the main engines stopped; in flying 
boats, keep auxiliary power units to the 
minimum size and number necessary for 
moored loads. If cabin-supercharging 
is employed, drive this equipment me- 
chanically through clutches from the 
auxiliary unit. Operate the auxiliary 
unit in flight at reduced output in case 
of failure of a main engine generator. 
Install generators on at least two main 
engines, of such size as to handle the 
maximum flight load. Encourage de- 
velopment of exhaust-heat driven sys- 
tems, to supply auxiliary power. These 
systems might possibly employ gasoline 
burners for use at anchor. 
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Fig. 2—Approximate horsepower-weight relations for auxiliary engines, at sea level 
and at 20,000 ft. altitude 


Appendix——Analysis of Performance 





An important phase of the problem of deriving the power required by the exten- 
sive electrical system of larger type aircraft is the effect on aircraft performance. 
As yet, information on the most economical arrangement, unit weights, and power 
required is limited. Values for the items required in the following preliminary 
analysis have been approximated from actual values, the purpose being to show the 
trend rather than absolute effects. An aircraft of the flying boat class has been 
assumed, and its performance computed for five different conditions. The craft, of 
50,000 Ib. gross weight and 4,000 hp., has a maximum speed of 250 m.p.h. at 13,500 ft. 
altitude. The fuel load is sufficient for 5 hr. endurance at full throttle. 

A. The electrical system up to and including the generator is installed but not 
functioning. 

B. The generator is coupled to the engine and drawing a constant load of 50 hp. 
C. The generator is decoupled from the main engines and recoupled to an auxiliary 
engine, newly installed. 


W. auxiliary engine, gear train, cooling ducts, engine mounts at 8 lb./hp... 400 
fe Ee eS Pe ee eee ee 460 
(the aircraft in B has an endurance of 16.7 hr. at speed for max. range.) 
ee ee errr err err ee 40 
ОИНИ АШ. АЙ ИИ сас >з» элеу» кака каза»ыйна вка 100 
Total (approx.) ...... 1.000 Ib. 


D. The auxiliary engine is removed. The main engine horsepower is increased to 
4.050 and the generator is recoupled and drawing 50 hp. 

To retain original assumption at 5 hr. endurance at full throttle, fuel weight must 
be increased to — 13.160. 


L E AT на ооо сви ненка Pod 160 
Uo 0 F7 EmW———— ———— —— TAKES 15 
ELO ОИ. жулында o a ie hip o do WV ERROR eR OC Se DN 35 
d'a oc mon P m x — TETTE TI | 50 
Тем. ....: 260 Ib 


E. For condition D the wing area is increased to retain the original stalling speed 
V, — 10 m.p.h. Therefore, add 10 sq. ft. of wing area at 4 lb. per sq. ft. W = 40 lb. 
The basic parasite drag is increased proportionately. 


A B C D E 

BM uS LIRE AE SD Rh 50,000 50,000 51,000 50,260 50,300 
ШАШ MN a oa hao ation vane 13,000 13,000 13,000 13,160 13,160 
Hp. (rating) flight........... 4,000 4,000 4,000 4,050 4,050 
s iusvexsesess 4,000 3.950 4,000 4,000 4,000 
Hp. (rating) take-off......... 5,200 5,200 5,200 5,250 5,250 
Hp. (available) take-off...... 5.200 5,150 5,200 5,200 5,200 
КАШИ. ИЛЫ) GS GGG ccs 70 70 70.7 70.2 70 
Va at 13,500 ft. (шр.)..... 250 248.8 249.5 249.8 249.7 
Initial rate of climb (ft. per 

ШЕР Io KP es ARR IS das 910 890 870 800 900 
Service ceiling BRE зз» 25.000 24,600 24,100 24,800 24.800 
ПА mds UL usce 2,696 2,670 2,660 2,690 2,667 
Take-off dist—calm (ft.).... 850 859 898 861 858 
Take-off dist.—25 К. (ft).... 531 537 560 537 537 
Take-off time (boat) calm 

ee re ee ee ee 40 41.2 42.3 40.6 40.6 
Vm differential (m.p.h.) ..... — —1.2 —0.5 —0.2 —0.3 
Range differential (mi.).... ~~ —26.0 —36.0 —6.0 —9.0 
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EDDY CURRENT CLUTCHES 


Their Operating Characteristics 


N eddy current clutch assembly 


consists essentially of an arm- 

ature drum mounted on the 

driver shaft, a magnetic spider and 
coil mounted on the driven shaft, a 
source of d.c. for energizing the coil, 
a means of controlling amount of d.c. 
excitation. This is shown schematically 
in Fig. 1. The torque developed in the 
spider is a function of the eddy cur- 
rents generated in the drum and the 
flux density at the poles of the spider. 
In Fig. 2 is shown the same arrange- 
ment built into a motor. The eddy 
current armature drum has heat radi- 
ating fins and is bolted to a quill 
which also carries the rotor of a 
standard a.c. squirrel cage motor. Thus, 
the drum is the driver and runs con- 
stantly at the (synchronous) speed of 
the motor. The driven member inside 
the drum is a magnetic field spider 
having north and south poles and ener- 
gized by an annular coil. When full 
d.c. excitation is supplied to the coil 
the spider and the output shaft to 
which it is attached are drawn around 
with the eddy current armature drum 
at almost the same speed, a small slip 
of only two or three percent being 
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necessary to generate the torque. This 


torque is limited by the torque of the 
motor, but because of the momentum 
of the eddy current armature, starting 
torque of the driven member can mo- 
mentarily exceed that of the motor. 

li the excitation in the coil is re- 
duced the slip between the two mem- 
bers must increase if the same deliv- 
ered torque must be produced. Thus, 
if the load torque is constant the speed 
of the spider or driven shaft can be 
decreased by reducing the excitation, 
the motor speed remaining constant. 
Thus the output shaft can be run at a 
variable speed while the a.c. rotor with 
its eddy current armature drum runs 
at a constant speed. Under these con- 
ditions the motor is a constant torque 
machine with horsepower proportional 
to the speed of the output shaft. 

When the coil is held stationary, as 
by bolting it to the motor frame, eddy 
currents are produced in the drum 
when excitation is applied to the coil, 
thus retarding rotation of the shaft. 
The braking torque developed can be 
controlled just as in the clutch to give 
any rate of deceleration desired by 
varying the coil excitation. Such brakes 
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Fig. 1—Essential elements of an eddy current clutch or brake. 
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coil excitation the unit runs as a constant torque machine 
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are generally rated at the normal 


torque of the motor. Since the brake 
exerts torque only when the rotor is 
moving and the braking effect de- 
creases in proportion to decrease in 
speed, the brake has no holding power. 
Here again by special exciting means 
it is possible to get a holding effect 
of 10 to 20 percent of maximum 
torque. 

Since power required for excitation 
of either clutch or brake is compara- 
tively small, rectifiers of one type or 
another may be used. Copper oxide 
or magnesium-copper sulphide are suit- 
able for lower horsepower units. Vac- 
uum tube type rectifiers, mercury arc 
rectifiers or small motor-generator sets 
are possible sources for large units. 
In some installations a d.c. generator 
for coil excitation is driven from the 
motor shaft. 

Methods of controlling the amount of 
excitation vary with desired results. 
Where the eddy current coupling acts 
only as a clutch, a rheostat in either 
the a.c. or d.c. part of the exciting 
circuit is satisfactory. Usually this 
method is used where definite speeds 
are not to be held for any length of 


Governor may 
contro/ either 
DC. or A.C. 
side of ex- 
citation or 


U 
Governor 


мые Governor is 
omitted on clutch 
motors 





Eddy currents are generated in the armature drum, thereby de- 
Fig. 2—Cross-section of a motor with built-in eddy current clutch and governor. 


By controlling 
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Fig. 3—Governor setting on the eddy current clutch integral 
with the Allis a.c. motor is controlled by a hydraulic cylinder 
and piston in the base of this Foster Superfinisher 


time or for accelerating loads from 
zero to full speed, somewhat as a slip 
ring motor would be used. Where it is 
desired to hold the speed of a motor 
at any desired point between full speed 
and some definite minimum speed, a 
governor may be used. 

Two recent developments have made 
possible a smaller size and highly eff 
cient eddy current clutch which will 
develop satisfactory torque between 
clutch members at low slip. A new 
type of pole was developed which 
makes it possible to obtain intense flux 
saturation at the pole ends with the 
result that the torque developed be- 
tween the driving and driven members 
is constant and is much greater than 
anything hitherto known. A second fac- 
tor was the development of a ferrous 
material for use as an eddy current 
member which made the production of 
large eddy currents possible. 

Several methods of governing eddy 
current clutches are in use. A small 
d.c. generator with its armature con- 
nected to the driven shaft in series with 
the eddy current clutch coil is used 
as a “bucking” regulator. When its 
field coils are adjusted by a rheostat 
to a certain value, an increase in speed 
of the driven shaft will cause a de- 
crease in current in the clutch coil, 
and vice versa. Another type of gover- 
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nor, the Dynavario, see Fig. 6, uses 
centrifugal weights to open and close 
contacts which are in series with the 
a.c. side of the excitation source so 
that current supplied to coil varies 
rapidly to hold the speed of motor 
nearly constant. As shown in the dia- 
gram, the governing speed is deter- 
mined by a cam setting which can be 
controlled by hand, or remotely by 
cable or electric motor. 

For blower service, the speed of the 


blower is controlled by a “caterpillar” 


rheostat, which consists of a number 
of thin steel leaves carrying silver 
alloy points. These leaves are stacked 
in such a manner that the points can 
be opened and closed progressively 
with small movement, and can be actu- 
ated from a lever or cam. Each pair of 
leaves bridges a resistor unit, or a por- 
tion of a resistor unit. When the points 
are opened, the current must flow 
through the adjacent resistor unit, and 
when the points are closed the resistor 
is shunted out of the circuit. Thus, by 
progressively opening or closing the 
contact points, resistors are cut in or 
out of the circuit. Values of resist- 
ances can thereby be controlled in 
small steps, and the steps of speed 
can be designed to suit the operating 
condition. The standard “caterpillar” 
resistors for large blower operation 


Fig. 4—Principles of the Dynamatic clutch are used in this 
Mid-West dynamometer designed for testing aircraft engines. 
Model shown here absorbs 3,000 horsepower 


contain 140 points, and can be oper- 
ated by means of a lever requiring no 
more power than can be easily applied 
with two fingers of a hand. The amount 
of motion required to fully operate 
this caterpillar rheostat can be varied 
to suit the customer. The usual motor 
or air cylinder furnished for controlling 
equipment of this type is more than 
adequate to handle the caterpillar. 

Couplings up to 500 hp. may have 
a caterpillar rheostat in series with the 
coupling, handling the full excitation 
load so that excitation can be obtained 
from any source available within the 
range of 32 volts to 250 volts d.c. On 
larger sizes the caterpillar rheostat 
is introduced into the field circuit of a 
supply generator, which is usually part 
of a motor generator set, wherein the 
d.c. generator output is controlled by 
varying the field supply from some 
constant voltage source. This can be 
done by using a separate d.c. exciter 
to handle the field of the supply gen- 
erator, or a rectifier unit can be intro- 
duced to supply the field of the gen- 
erator. 

There are other methods available 
for controling the speeds of these 
clutches for blower drives, involving 
separate excitation supply and special 
governors, 

A practical speed range with full 
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load constant torque output is 4 to 1 
with saiisfactory regulation between 
full loa! and no load. The speed range 
may be further extended to practically 
zero speed with a somewhat greater 
degree of regulation, The percent 
change of speed from full load to no 
load is comparable to that of a direct 
current shunt wound adjustable speed 
motor or 5 to 744 percent drop in speed 
from no load to full load when run- 
ning at 40 to 50 percent of the rated 
speed. When running between 50 per- 
cent and 25 percent of the rated speed, 
the regulation will range from 744 to 
15 percent from no load to full load. 

When speed is reduced more than 
4 to 1 regulation depends more on the 
change in r.p.m. needed to affect the 
governor. With the average motor a 
speed change of 50 r.p.m. or more may 
be required to cause the governor to 
change contacts. Closer regulation will 
require special control. If the load does 
not actually change in the same pro- 
portion as the speed it is possible to 
run at speeds as low as 100 r.p.m. with 
satisfactory stability. 

In common with hydraulic or fluid 
drives and the slip-ring induction mo- 
tor the rejected energy or slip-loss of 
the eddy current clutch is dissipated 
as heat. With the torque constant the 
energy to be dissipated is equal to the 
torque in lb. times the slip of the 
armature in ft. per min., both meas- 
ured at the surface of the armature. 
Thus, this loss increases in direct pro- 
portion to the decrease in output speed 
or increase in slip. At maximum exci- 
tation and minimum slip the efficiency 
of the clutch is relatively high, rang- 
ing from 95 to 97 percent. The overall 
efficiency of the Louis Allis adjustable 
speed units will range between 72 to 
18 percent on the basis of maximum 
speed and full load torque. At reduced 
speeds the efficiency decreases ap- 
proximately in proportion to the de- 
crease in speed below maximum. In 
conventional blower designs the total 
maximum power loss due to slip is 
about 15 percent which occurs at ap- 
proximately 2/3 of maximum blower 
speeds, see Fig. 7. Since all of the re- 
jected energy is dissipated as heat in 
the armature drum, cooling fins are 
machined into its outer periphery. 
However, in any design an ample sup- 
ply of cooling air should be circulated 
and there should be no restriction on 
the input or output side of the cool- 
ing openings. 

Weight of these couplings when of 
the latest improved design is compar- 
atively small, averaging about 114 lb. 
per hp. for the driving member of a 
1,200 r.p.m. unit with weight of driven 
member about 50 percent greater. Units 
of 1,800 r.p.m. size average 2.75 to 3.5 
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per hp. in weight. For 200 hp. sizes 
at 1,200 r.p.m. the weight of the con- 
stant speed member as a unit is about 
900 lb. for the latest improved design 
as compared to 2,500 Ib. for the older 
style eddy current members. The field 
member comparison is 2,000 Ib. for the 
older style as compared to 1,000 for 
the newer types. 

These clutches do not function as 
torque amplifiers. Because of the 
smooth pick-up, and because of the low 
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slip-loss this type of clutch is suitable 
not only as a means of disconnecting 
various mechanical devices but also 
for controlling the speed of the driven 
apparatus and for transmitting the 
power at a low loss. 

The coupling can be used on any 
type of a.c. electric motor whether in- 
duction or synchronous or on any d.c. 
type. The torque characteristics are 
not important when using this coupling, 
except, of course, that the motor shall 
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Fig. 5—By bolting the coil to the motor frame and thereby preventing its rotation, 
the slip between the coil and the armature drum is 100 percent and. the unit acts as 


an eddy current brake 
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Fig. 6—A governor driven by the motor shaft through a V-belt makes and breaks 
contacts in series with the a.c. side of the field excitation power supply, thereby 


controlling the speed 
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Fig. 7—Efficiency curves for an eddy current clutch or coupling in a blower drive. 


have sufficient torque to handle the 
load. Also, these couplings can be used 
with other types of drive. Many of them 
are in use underneath railway passen- 
ger cars where they are used to con- 
nect from an axial drive to a genera- 
tor or air-conditioning system. The 
couplings can be used in connection 
with variable-speed input, constant- 
speed output; or variable-speed input 
and variable-speed output. It is desir- 
able, however, to keep the operating 
speeds within the same limits of those 
found in electric motors and internal 
combustion engines. This type of 
coupling has been applied as a connec- 
tion between internal combustion en- 
gines and the propeller shafts of a 
ship. A number of these are already in 
operation, one being in Admiral Byrd’s 
flagship the “Bear of Oakland.” 

This coupling is particularly suited 
for drives in which the torque must 
remain constant regardless of the slip 


134 





required of the clutch. In operating a 
blower or a centrifugal pump, the 
torque requirements drop off approxi- 
mately as the square of the speed. For 
example, one-quarter of full torque 
will be required at half speed. This 
characteristic makes it possible to use 
the older type of electrical coupling in 
such blower drive applications. But 
where the torque must remain con- 
stant regardless of slip, this newer type 
eddy current coupling must be used. 
With a flexible means for varying the 
d.c. clutch excitation this unit is cap- 
able of delivering constant torque over 
a speed range from 0 to almost 100 
percent rated speed. 

Other suitable applications for the 
new type eddy current clutch include 
driving centrifugal pumps, blowers, 
fans, conveyors and other equipment 
where speed regulation or gradual 
smooth starting is required. 

Because by controlling the degree 
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Fig. 8—Torque-slip curves for a hydraulic 
coupling, an old style standard electrical coupling, and an eddy current clutch with different percentages of field excitation 


of excitation, the clutch can be made 
to slip to any extent desired, the fol- 
lowing functions can be performed 
without shock, jar or stress on any 
of the driven parts: (1) Gradual or 
quick acceleration of load; (2) Rapid 
intermittent starting and disconnecting 
of load; (3) Speed control service 
with infinite slip and control of torque 
transmitted; (4) Absorption of tor- 
sional impulses and vibrations; (5) 
Slip or drop load manually or auto- 
matically in response to speed, load, 
or both; (6) Remote control is prac- 
tical and may be made responsive to 
any type of control, including mano- 
metric and hydrostatic controls, since 
the power required for excitation of 
the clutch is relatively small; (7) For 
applications on electric motors where 
slip, speed control, intermittent serv 
ice, gradual or rapid acceleration of 
load, shock absorption, load release are 
desired. 
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CORRECT CASTING DESIGN 


Details that Promote Production and Quality 


PPLICATION of correct basic 
А principles to the design of cast- 
ings is more important than 
ever before because of the current de- 
mands for more rapid production. In- 
correct structural designs that obstruct 
efficient production in the foundry and 
in subsequent machining operations are 
often the cause of delays, which could 
be avoided by a consideration of a few 
fundamental rules while the design is 
in the drafting stage. 

In addition to service requirements, 
good casting design should have for its 
objectives: 

(1) Reasonable total cost of product. 

(2) Efficient foundry production. 

(3) Elimination of foundry defects. 

(4) Reduced weight through the util- 


ization of available physical 
properties. 

(5) Economical machining opera- 
tions. 


The objectives which involve foundry 
practice can be promoted by observing 
these well known, but often neglected, 
rules covering sections and corners: 

(a) All sections in a casting should 

be designed as nearly uniform in 
thickness as is possible. 

(b) Abrupt changes in section thick- 

ness should be avoided. 

(c) Sharp corners at adjoining sec- 

(d 


tions should be avoided. 

When the design of a casting is 
complicated it should be made in 
individual parts rather than as 
one piece. 

In unfed “L” or “V” shaped sec- 
tions all sharp corners at the 
junctions should have radii pro- 
portioned so that the section at 
the juncture becomes smaller 
than the main sections. 

(f) In designing “X” sections it is 

good design to offset the arms. 

An analysis of casting design details 
with a study of various modes of join- 
ing sections, by C. W. Briggs, R. A. 
Gezelius and A. R. Donaldson (P.E., 
May-June, 1939), emphasizes the im- 
portance of observing these rules. 

The accompanying sketches illus- 
trate correct and incorrect casting de- 
tails, as well as the advantages that can 
be obtained with proper metal distribu- 
tion, (Continued on next page) 
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Sharp corners, whether external or 
internal, are sources of trouble because 
of poor interlocking of resultant crystal 
structure. The illustration is an exag- 
gerated view of the arrangement of 
metal crystals upon solidification in a 
casting with a square corner and one 
with a round corner. Proper filleting is 
essential for strong corners. 


Incorrect 


Bosses which increase metal thickness 
of thin walls, should be blended gradu- 
ally into the body of casting, in order to 
avoid localized hot spots, by tapering 
and flattening the fillets. 








Non-uniform sections in castings 
like that shown should be redesigned so 
that sections change gradually in thick- 
ness. When external contour must be 
maintained cores are often used to re- 
duce metal mass. They are placed so as 
to remove areas in the section where de- 
fects are likely to occur because of the 
difficulty of feeding when solidifying. 


Correct 





Metal concentration at web and rib 
junctures can be avoided by providing 
openings at the critical area. Openings 
should be as large as possible, consist- 
ent with strength and stiffness. 
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Conventional ribbing of large sur- 
face plate A, in which depth of ribs 
varies from 4 to 10 in. depending upon 
size of plate. The numerous small ribs 
cool too rapidly and set up internal 
casting strains, so that it is difficult to 
produce a casting that does not distort 
slightly after machining or during 
service. 

Improved construction shown at B 
has heavy ribs that allow the casting to 
cool uniformly with practically no 
strains. Hence surface plates stay accu- 
rate after machining. 


Hanger bearing when cast in gray 
iron as originally designed weighed 3 
lb. 8 oz. This simple part when rede- 
signed to be made of stronger material 
possessed some important advantages. 
It was found that the same bearing load 
could be supported by a ring section Ye 
in. instead of 14 in. thick as originally 
designed. With this change in ring sec- 
tion the weight of the hanger bearing 
was reduced to 2 lb. 5 oz., a saving of 
one third in weight. No change was 
made in the dimensions of the boss 
diameter, nor from face of boss to cen- 
ter line of bearing. Changing the ma- 
terial also improved machinability so 
that sharper threads could be cut with 
tap, and a finer bearing surface was ob- 
tainable my machining. 





Trams formerly made of tool steel 
were heat-treated to harden points be- 
fore grinding. Because of more accurate 
foundry control when casting in Mee- 
hanite, points were cast white, thus 
eliminating heat-treatment. 
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Girder bracket casting with “H” 
section and bolting pads as originally 
designed had bolt holes formed by cores 
to avoid drilling. In the new design the 
expensive dry sand cores were elimi- 
nated by substituting slots for the bolt 
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Section B-B 
FIG.7 


holes. Since the slots are at right angles 
to the parting line of the pattern they 
can be molded in green sand without 
imposing any difficulties when drawing 
the pattern from the mold after ram- 
ming up the flask and cope. 
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Ргї:їїп& press rolls when made 
with internal longitudinal ribs, as shown 
at |. were not sufficiently rigid and de- 
flected in service. The small inside 
dia:.eter made it difficult to gain stiff- 
ness by widening the ribs because of 
-mall core diameter. In the new 





the 
design B, stiffness was obtained by 
eliminating the ribs and using a simple 


double taper core, so that the wall 
thickness was increased at the center 
section with a gradual uniform taper 
toward both ends of the roll. 


Punch press ram when made with 
modified “I” thick girder section, as 
shown at A, did not have good metal 
structure. The metal was spongy and 
weak with bad strains that were con- 
ducive to quick failure. When rede- 
signed and cast in Meehanite, the heavy 
top section was eliminated and two light 
girder sections X with intermediate 
connecting ribs were substituted, as 
shown at B. Not only was the metal 
structure improved and the resistance 
of the section to torsional loads greatly 
increased, but the weight of the casting 
was reduced. This casting design illus- 
trates the care which must be taken to 
avoid large temperature differences at 
zones where excessive internal stresses 
might cause members to separate or 
crack at temperatures slightly below the 
metal’s solidification temperature. 


ОШ eet eee 
сос ei: tb is bal a aii аа 7 2 f 


Cross Section 
Through Ram A 
Original Design 


Cross Section 
Through Ram B 
New Design 





Original Design in C.I. 
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Reduction in metal section 
Reduction in weight 

` Increased strength 
Uniform metal section 


Frame for a press used to salvage 
couplings. Areas marked X in original 
design indicate zones of high stress de- 
veloped by bending reactions. In re- 
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design the casting was made stronger 
by using a frame of semi-circular con- 
tour with ribs at critical sections and at 
the inside of throat. Section thicknesses 
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Redesign in Meehanite 


FIG.10 





were reduced from 2 to 1 in., resulting 
in some weight reduction. Internal 


stresses were not developed because of 
more uniform solidification. 
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Ball and Roller Bearings 


Under Fluctuating Loads 


J. J. PESQUEIRA 


In his article, *Ball and Roller Bear- 
ings," page 13 of the January number 
of PRODUCT ENGINEERING, G. A. Ungar 
gives the following formula for deter- 
mining the life expectancy of a bearing 
when its load is different from the tabu- 
lated load capacity at a given speed: 


where P. is the tabulated load capacity 
of the bearing, H, is the expected life in 
hours at capacity load, P,, is the aver- 
age load under which the bearing will 
run, H is the expected life in hours 
under this load, and the exponent x has 
values ranging from 3 to 3.33, accord- 
ing to the manufacturer of the bearing. 
Evidently, it is to be understood that the 
bearing will operate at a speed corre- 
sponding to the tabulated value of P.. 

It is not made clear in the article just 
what the average load P.» is; but since 
no factor enters the formula that would 
justify the use of the simple arithmetical 
mean of the load, it must be assumed 
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that Pa» is the mean effective value of 
that load. The contribution of a load to 
the shortening of the life of a bearing 
being proportional to at least the third 
power of the load, it seems clear that 
during a cycle of load variation the 
higher values, even if of short duration, 
will contribute considerably to the re- 
duction of bearing life. For this reason, 
the ordinary mean value of the load 
will be too small for the selection of 
the proper bearing (unless it is multi- 
plied by a so-called *application factor" 
which may, or may not, fit the actual 
conditions). 

For bearings operating at constant 
speeds but under varying loads, the 
writer has used the following method for 
calculating the mean effective load by 
which to select the proper bearing. The 
varying load P is first plotted against 
time T throughout a cycle of time period 
To, as exemplified in Fig. la. This 
cycle may consist of from one revolu- 
tion of the rotating part to a period ex- 
tending to several hours of operation. If 
there is no cycle discernible, an artificial 








one is made up, in which the loading 
is apportioned to represent the load- 
ing for the entire life of the applica- 
tion. The different values of P are then 
raised to the power x and plotted, as 


shown in Fig. lb. The area A in 
pounds*-hours (or any other unit of 
time) under the new curve is deter- 
mined by some suitable means of inte- 
gration. The mean effective value P, of 
the varying load is then found thus: 


1 
A = 
P, — (+) 


More mathematically, this result may be 
expressed in the form: 


1 To 1 
Р,= [тт] " 


As a simple example, assume that a 
bearing in a conveyor drive, which oper- 
ates eight hours daily at constant speed, 
is under a constant load of 500 lb. dur- 
ing three hours, and under a constant 
load of only 100 lb. during the remain- 
ing five hours. Suppose that the ex- 
ponent x has the value of 3. In such a 
simple case as this it is not necessary to 
plot the curve P" against T. The area 
under the curve, if plotted, would be, 
simply 


A = 500 x3 -- 100 x 5 
= 380,000,000 1b.3-hr. 


and the mean effective load 


Р, = є 280,000,000 = 362 Ib. 


The ordinary mean value of the load is 


500 x 3 + 100 x 5 


8 = 250 Ib. 


which is considerably below the mean 
effective value. If the bearing were se- 
lected for just this mean load, its ex- 
pected life would be only one-third of 
that of the bearing selected for just the 
mean effective load. 

When both the load and the speed 
vary throughout the cycle, the mean 
effective load as defined above cannot 
very well apply in the selection of the 
proper bearing. However, conditions 
may be reduced to one of an arbitrary 
constant speed, say 500 r.p.m. The 
problem then consists of finding a con- 
stant load Pz which at 500 r.p.m. will 
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affect the bearing by the same amount 
as does the varying load at the varying 
speed. With the value of Py, known, 
the bearing is then selected from the 
500 r.p.m. columns of the catalog rating 
tables. 


The calculation of Poo may be done 
as follows. Respective graphs for the 


varying load P in pounds and the vary- 
ing speed N in r.p.m. are constructed to 
cover a complete cycle of time period 
T.. Then, corresponding values of P, 
raised to the x power, and V are multi- 


plied together, and the products, NP, 
are plotted against corresponding time 
T throughout the period 7T,. The area 
under the curve NP” against T, in 
r.p.m.-lb.*-hr. (or any other unit of 
time) is determined. Let this area be 


A’. Then, 


A’ - 
7500 = —- z 
^" (= 7) 


The result may also be expressed in the 
more mathematical form 


1 T. 1 
Р = ۴ — N P= ar| z 
500 T, 0 


The equation given by Mr. Ungar ap- 
plies in the preceding case, slightly 
modified. Suppose that from the 500 
r.p.m. columns of the catalog a bearing 
having a load capacity Po, has been 
selected. The life expectancy of this 
bearing, according to the manufacturer, 
is H.. Then the formula 


Psoe " 
" Ж " | -] 
P 


determines the expected life of the same 
bearing under the varying load at the 
varying speed. 





Explanation Clarifies 


Tabulated Bearing Data 
To the Editor: 


A few explanations might clarify the 
Reference Book Sheet, “Ball, Roller 
and Needle Bearings” (Propuct EncI- 
NEERING, January, pages 47 and 48), 
and make the table easier to apply. 

An important thing to keep in mind 
is that in reading across the columns 
the data given for shock loads applies 
to all series of a given bearing. Thus 
for the deep-groove ball bearing, the 
value for shock load of degree 1 does 
not only apply to the light bearing 
series, but to all series. Similarly the 
data for various bearing finishes ap- 
plies to all series and all loads. The 
heavy vertical lines in the table indicate 
this point, but do not emphasize it suffi- 
ciently. 

Data for maximum speeds is tabu- 
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lated by diameter of bore or shaft. The 
diameters given are for the light series 


bearings only. Since the determining 


factor is the rolling speed of the balls 
in the races, and heavier series bear- 
ings have larger balls and a larger out- 
side diameter for a given shaft diameter 
than the light series, the data given 


must necessarily be modified somewhat 





when considering medium or heavy 
series bearings. 

The diagram illustrating the pro- 
jected area of the ball, roller or needle 
bearing was incorrectly drawn. The 
projected area should have been shown 
as the complete area between the inner 
and outer diameters of the bearing, 
rather than the area of the race cross- 
sections. Correct diagram is herewith. 


—G. A. UNGAR 


We Do Need Competition 
To the Editor: 


Herewith is a copy of a letter with 
some comments on an editorial of yours 
(P.E. Dec., 1940) reproduced in the 
Link-Belt News. Nobody realizes any 
better than I the justification of the 
sentiments you express and you cer- 
tainly set them forth in a striking and 
brilliant manner. At the same time, I 
am just wondering if, at the present 
time, there isn’t some need for an em- 
phasis in the opposite direction. 

—C. A. NORMAN 


Ohio State University 


Editor, Link-Belt News: 


It is always refreshing to see the 
representative of a great organization 
come out in favor of competition, as you 
do in your February number. At the 
same time I cannot refrain from re- 
marking that our chief competitor at 
the present time is a certain Adolph 
Hitler, and that competition with him 
means coordination and cooperation on 
a national scale to a degree never 
hitherto attempted. If we forget and 
try carrying on “business as usual,” 
competition and all, | am afraid we may 
some day wake up to find ourselves out- 
competed by the Germans in a way 
that few of us yet seem to realize. 


Would it not be well for your publi- 
cation to supplement your February 


editorial with a word or two to that 
effect. —C. A. NORMAN 

Ohio State University 
[Editor's Note: The above letters from 
Professor Norman to the editor of 
PRODUCT ENGINEERING and to the 
editor of Link-Belt News, respectively, 
seem to indicate that Professor Norman 
has taken the meaning of the word 
“competition” only as it applies to 
inter-industrial situations. In the broad 
sense, competition may come from 
within the industry, from business ac- 
tivities outside of the industry, from 
foreign competition, or it may even 
come from the forces of nature. 

The overall picture of competition 
and cooperation may be likened to a 
college football team. No football team 
can be strong unless the individual 
members of that team exert themselves 
to the utmost in competing for a place 
on the team and continuously compete 
to keep it. When that team arrays itself 
against its opponent the competition is 
of a different nature. In its contests the 
team must exhibit unlimited coopera- 
tion or team work as it is called. The 
team is strong both in proportion to the 
strength of the individuals comprising 
that team and the degree to which the 
members of the team are willing to 
subordinate their own individuality to 
the cause of team work. 

Today this country is in the position 
of a football team, the members of 
which are the people and our great in- 
dustrial organizations. Our opponent 
on the field is Adolph Hitler. The final 
score will depend upon how much bet- 
ter our individual people and our indi- 
vidual industries have become through 
competition, and secondly, as Professor 
Norman points out, it also depends on 
how well the people and industries of 
the United States can coordinate and 
cooperate on a national scale, subor- 
dinating “business as usual” to the 
major task of preserving democracy. | 


Pencil Smear Eliminated 
By Spot of Cement 


To the Editor: 


In our drafting room we were having 
considerable difficulty in preventing the 
smearing of pencil lines while making 
pencil tracings using one of the stand- 
ard types of drafting machines. That 
is, the steel scale moving across the 
lines tended to blur them and to cover 
one side of the sheet with a thin film 
of graphite. We applied a few drops of 
a well known liquid cement to the 
underside of the scale, thus removing 
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a large portion of the sliding surface 
from contact with the paper and yet did 
not move the edge of the scale more 
than a few thousandths of an inch 
above the drawing surface. This adds a 
great deal to the appearance of the 
final] tracing. —D. K. Anprews, Jr. 
Merla Tool Corporation 


How Can Parts Be Marked 
Without Raising Stress? 
To the Editor: 


A failure in a forging caused by fa- 
tigue cracks originating in the groove 
of a stamped numeral was described in 
the “Causes and Cures” department of 
the January number of PRODUCT ENGI- 
NEERING. 

As the “cure” for this type of failure, 
you mentioned that substitute methods 
of marking have been used as a means 
of overcoming the fatigue failures that 
are commonly started at stamped 
numerals. 

As we are particularly interested in 











Fatigue 
cracks | 
started in 
numeral f 
here 


This fatigue failure, described in Janu- 
ary “Causes and Cures,” has raised a 
question: what is the best cure? 


this subject, we would be pleased to 
know what other methods of permanent 
marking have been found satisfactory. 


—FranK HENRY 
Boston, Mass. 


[Editors Note—In this case, the num- 
bers were stenciled on with paint, but 
for many machine parts this is unsatis- 
factory because it may wear off. There 
are many methods of marking in com- 
mon use, such as electric burning, en- 
graving, marking with crayon, providing 
raised bosses for stamped numerals, or 
placing the numerals in the forging dies 
or casting pattern. Some of these meth- 
ods are good, some have disadvantages. 
We suggest that any PRODUCT ENGI- 
NEERING readers who have had similar 
experiences and who have found a mark- 
ing method which reduces these fail- 
ures write in to this department. ] 
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Dotted Stamp Characters 
Reduce Fatigue Failures 
To the Editor: 


In your January issue of PRODUCT 
ENGINEERING, under the section titled 
“Causes and Cures,” you show illus- 
trations of fatigue cracks in a forged 
machine part caused by stamping of 
numerals. We believe we have the cure 
for this type of failure in our new “Low 
Stress” steel stamps and dies. 

From the illustration herewith you 
will observe that the characters are 
made up of a series of dots rather than 
the usual straight lines. Dots are also 
spaced sufficiently close to give legible 
impression. 

The theory behind the new character 
design is that a dot has no direction, 
and the resulting impression minimizes 





torsional and tensile stresses that tend 

to be set up by the use of usual straight- 

line characters, either in heat treating 
or by torsional strain in actual use. 

—H. E. McDONALD 

Jas. H. Matthews & Company 


Army Bombers 
Not So Cheap 
To the Editor: 


In the February issue of PRODUCT 
ENGINEERING on page 70 under the 
heading of “Aircraft Design Research 
—A Case Study on Training Planes,” 
there appears a breakdown of what pur- 
ports to be Douglas Aircraft Company 
costs on actual development and con- 
struction of four respective airplanes 
averaged down and made applicable to 
an airplane of 25,000 lb., or a middle- 
size bomber. 

The total figure is incorrect and pre- 
sents a gross misstatement of fact. The 
figure given by us to the U. S. Army, 
your source of information, is $934,000, 
while that printed by you is $439,000, 
a rather drastic and arbitrary reduction. 

Coming at the time when so much 
misinformation and outright detrimen- 
tal propaganda against the aircraft in- 
dustry is being released by unfriendly 
sources, it is unfortunate that such a 
mistake should have occurred. The air. 
craft industry, as you may well know, is 
doing a tremendous job under difficult 
circumstances and needs help rather 
than hindrance. —A. M. RocHLEN 

Douglas Aircraft Company, Inc. 


[Editor's Note: Mr. Rochlen is correct, 
the figures add to $934,000. The typo- 
graphical error was in the copy, but we 
should have caught it. | 








Can You Work This One? 


H. E. SMITH 


This month’s problem— 


Problem of Thrift 


A man wanted to train his three sons 
in thrift, so he opened a bank account 
for each son with a deposit of $1 in each 
account. He agreed that for the first 
dollar deposited by each son, he would 
add $2 to the son’s account; for the sec- 
ond dollar he would add $4; for the 
third, $6, and so on. The total of the 
three accounts is now $200. How many 
dollars have been deposited by each 
son, how many by the father, and what 
is the total for each account? 





Solution to February problem— 


XXX Division 


Numerals set in boldface type were 
the only ones given in this problem. 
573 
215) 123195 
1075 


1569 
1505 


645 
645 


000 
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The Zine Situation 


Summary of current moves shows zinc industry increasing capacity, 


users considering substitute materials, and O.P.M. hinting priorities 


Topay more zinc is being used than is 
being produced. Supplies in producers’ 
hands at the end of January were re- 
ported to be at the lowest level ever 
recorded. Zinc users are experiencing 
difficulty in obtaining what they deem 
“sufficient” amounts of the metal, and 
Washington is alarmed for fear defense 
requirements may prolong the tempo- 
rary tightness. But one of the most 
pertinent questions of all is being raised 
by the product engineer: can he con- 
tinue with his plans for designs using 
zine die-castings, galvanizing, etc.? 

The exact acuteness of the shortage 
will not be known until defense needs 
are determined, a job now in the hands 
of the O.P.M. Defense needs are di- 
verse—zinc for cartridge brass, die-cast 
shell parts, galvanized plates, con- 


denser tubes, zinc-lined boxes for stor- 
ing smokeless powder, and many others. 
Relief from the tight situation can 





High altitudes are simulated in the 
laboratory by Glenn L. Martin engi- 
neers to check and calibrate instru- 
ments, electrical switches, relays, sole- 
noids and similar equipment whose 
operation might seriously be affected by 
the low air pressures several miles up. 
Procedure, shown at left, is to put the 
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only come from three directions: (1) 
increased production facilities, (2) de- 
creased present replaceable applica- 
tions, and (3) controlled distribution 
either through formal priorities or by 
voluntary “pooling” of zinc by pro- 
ducers in order to assure that essential 
requirements are met. 

The bottleneck, according to the pro- 
ducers, is in smelting capacity. As soon 
as the pinch began to be felt last Fall, 
the producers promptly took steps to 
rehabilitate existing smelters, some of 
which had been allowed to run down in 
slack times before the war. Increases 
in capacity are being rushed but will 
not be available until the middle of the 
year, and not until late in 1941 will 
they be in full operation and contrib- 
uting to the relief of present tightness. 

Mr. C. Donald Dallas, president of 
Revere Copper and Brass Incorporated, 
states, “If the zinc which goes into pro- 


instruments under a bell, in which a 
partial vacuum is produced. A micro- 
manometer inside the bell indicates 
accurately the corresponding altitude in 
feet, permitting a direct calibration. 
Picture at right shows laboratory 
method for determining the effect of 
pressure on safety glass used in strato- 





duction of die-cast decorative automo- 
bile trim, radiator grilles, refrigerator 
hardware and the like were freed for 
defense production, it is certain that 
our own and British needs could be met 
more promptly. Likewise, some of the 
zinc used in galvanizing might well be 
diverted.” Paint has been suggested as 
a substitute for galvanizing. There is 
no substitute for zinc in brass, which 
is roughly one-third zinc. 

Reports coming from Detroit indicate 
that the automobile industry is already 
adopting this policy by eliminating die- 
cast trimmings and returning to 
stamped steel radiator grilles. Undoubt- 
edly zinc will continue to be used for 
carburetors, windshield wipers and 
similar parts in any industry which are 
made feasible only by die-casting. 

In replacing zinc die-castings with 
another material, it is necessary to con- 
sider the availability of the replace- 
ment material. For instance the short- 
age of stainless steel may become just 
as acute as the shortage of 99.99 percent 
pure zinc. Naturally, the zinc industry 
is reluctant to see large-scale substitu- 
tion of other materials for zinc and are 





bombers with 


supercharged 
cabins. As air is pumped into this 
chamber, the ratio of inside pressure to 
outside pressure is accurately meas- 


sphere 


ured by a manometer. Note that the 


glass being tested has broken, but that 
the plastic sheet remains unbroken and 
safely maintains the pressure. 
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doing their utmost to meet the present 
situation. Markets so surrendered may 
never be fully recovered. Plastics will 
undoubtedly gain many new applica- 
tions. Official recommendation has come 
from the O.P.M. that plastics be substi- 
tuted for strategic metals in non-defense 
industries, and it is significant that the 
Society of the Plastics Industry's de- 
fense committee has met to discuss this 
subject with government officials. 

As this goes to press, officials are 
saying informally that either zinc or 
aluminum will be the first basic mate- 
rial to come under full priority control. 
À priorities committee has already been 
set up, but this does not necessarily 
mean immediate priorities. The only 
courses that can avert that step are the 
establishment of voluntary control by 
the producers, or sufficient replacement 
with other materials. 

The outlook for the coming year is 
unpredictable, and will remain so until 
defense needs are accurately known and 
the effect of replacing strategic zinc 
with other materials is measurable. 
Zinc users who call upon their suppliers 
to forecast the future get little satisfac- 
tion—the question is thrown right back 
at them. Best guess, based upon what 
producers and market men. say, is that 
sufficient zinc will be available for all 
defense needs, and "substantial" sup- 
plies—but not quite as much as previ- 
ously—will be available for die-casting 
and other requirements of non-defense 
industries. 


Cooling Drag Reduced 
In Aircraft Engines 


Ir air is admitted to a passage at high 
speed, expanded through a diffuser to a 
condition of low velocity and high pres- 
sure, and then heated, the heat energy 
imparted to it may be recovered as 
thrust if the air is discharged through a 
nozzle or gill. By application of this 
principle, the power expended in cool- 
ing an aircraft engine of any type does 
not increase with the speed of flight, but 
diminishes until it reaches zero at a cer- 
tain speed, beyond which the cooling 
system contributes to propulsion. 

This principle, which was shown by 
F. W. Meredith in 1935, is partly res- 
ponsible for the adoption of the liquid- 
cooled engine in Europe, according to 
John G. Lee, of United Aircraft Cor- 
poration, in a paper “Air-Cooled vs. 
Liquid-Cooled Aircraft,” read before 
the Institute of Aeronautical Sciences. 
In this respect the only difference be- 
tween the liquid-cooled and the air- 
cooled engine is that the radiator of the 
former could be fitted with duct work 
without modification of the remainder 
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of the cowl—a relatively simple change 
made some time ago. The problem of 
adapting baffles to an air-cooled engine 
in order to recover heat energy has been 
a more difficult one, and only recently 
has been accomplished. 

The application of Meredith’s ducted 
radiators to the liquid-cooled pursuit 
planes in advance of the time when his 
principles were applied to the air- 
cooled pursuit gave the liquid-cooled 
type a temporary speed advantage. This 
advantage came at a time when England 
was going into war production, and was 
a factor responsible for her choice of 
liquid-cooled engines for this purpose. 

Improvement in the internal cowling 
and baffling of air-cooled engines is now 
underway, and is rapidly decreasing 
this advantage of the liquid-cooled en- 
gine. The important point, stated Mr. 
Lee, is not whether the air-cooled or 
liquid-cooled engine has the lower cool- 
ing drag, but that the cooling drag of 
both is being rapidly reduced, and may 
ultimately become zero. This will occur 
when the heat energy recovered through 
application of the Meredith principle to 
cooling ducts and baffles equals the 
duct drag. 

Mr. Lee presented data on the drag, 
weight, cooling and fuel consumption 


Do You Know That— 


A 3-HP. ELECTRIC MOTOR developed 
for aircraft weighs less than 12 lb., as 
compared with 150 lb. for an ordinary 
3-hp. motor. During the last two years, 
the power output of aircraft generators 
has been increased eight times with but 
little increase in weight. (44) 


LEADING RUBBER COMPANIES have an- 
nounced that they are now prepared to 
place synthetic rubber on a mass pro- 
duction basis before any serious short- 


age in the natural product could de- 
velop. (45) 


4,097 sHIFTS OF GEARS and 4,162 
clutch operations were counted on a 
recent 3,070-mile cross-country trip of 
an automobile with standard transmis- 
sion. This gives an accurate measure 
of the service for which these parts 
must be designed. (46) 


Woop, when treated with urea plastic 
by a new process, becomes plastic and 
can easily be bent or molded when 
heated to above 200 deg. F. Upon cool- 
ing, the wood regains its stiffness and 
strength. Sawdust and chips similarly 
treated can be heated and bonded into 
any desired shape. (47) 





of both types of engine, compared upon 
a basis of aircraft of equal size ani 
weight. Mr. Lee concluded from his 
data that the air-cooled engine is supe- 
rior in the pursuit, bomber and trans- 
port planes. 


Quick Method Adopted 
For Emergency Standards 


THE AMERICAN STANDARDS ASSOCIATION 
announced late in January adoption of 
a special method for quick action in de- 
veloping emergency standards needed 
for defense purposes. The emergency 
procedure will empower special com- 
mittees to act for the Association in 
starting new work, appointing technical 
committees, and in approving emer- 
gency standards. This method will 
make it possible to turn out standards 
for parts and materials used in defense 
production as rapidly as is consistent 
with a good technical job. 

After the defense emergency has 
passed, the newly adopted procedure 
provides that “the Defense Emergency 
Standards will be reviewed by the ap- 
propriate committees, and approved, 
amended or withdrawn, through the 
regular procedures of the Association.” 

Both the British Standards Institu- 
tion and the Standards Association of 
Australia have for some time been issu- 
ing similar defense emergency stand- 
ards. An interesting example of the 
value of this work is the part the British 
Standards Institution has played in esti- 
mating tinplate requirements. Each sec- 
tion of the industry was asked to stand- 
ardize its requirements for tin cans in 
order to effect a saving of 50,000 tons 
of tinplate a year. 


Metal Workers Eligible 
For Revere Award 


WORKMEN, from foremen on down, in 
the metal working industry of America 
will receive awards to a total of $10,000 
for the best suggestions to aid in speed- 
ing up the American industrial defense 
program, C. Donald Dallas, president 
of Revere Copper & Brass, Incorpo- 
rated, the donor of the awards, recently 
announced. The Revere award will be 
given for original or improved products, 
processes, methods, tools, devices, or 
ideas not now in general use which, in 
the jadgment of the jury of award, are 
of greatest help in speeding up the de- 
fense program of the United States. En- 
tries close on April 30, 1941, and on 
June 1, 1941, announcement of the men 
chosen to receive these awards will be 
made. 
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Automatie lathe loading, Wash- 
ington hears, has been developed by a 
Soviet engineer named A. B. Diskin, 
making the machining of cylindrical 
parts automatic. One operator can at 
one time tend twelve or more machines 
so fitted. The part is fed automatically 
into the chuck and when completed is 
passed on. 


.Four-bladed airserews, variable 


pitch, are being produced in Europe, to 
meet increasing engine power output. 
The limiting factor on propeller diame- 
ter, according to the manufacturers, is 
tip speed. The pitch angle range is 35 
deg., which has been found sufficient to 
prevent over-speeding the engine in the 
fastest dive. A long-stroke angle-chang- 
ing cylinder gives any desired angle up 
to feathering. The need for four-bladed 
propellers is obviously debatable, since 
the U. S. has higher horsepower plants 
(2.000-hp. air-cooled) than any engines 
in Europe, and we still stick to three- 
bladed props. 


Patent relations between the United 
States and Germany are causing trouble. 
There is an international agreement, 
amounting almost to a treaty, under 
which the citizens of the member coun- 
tries exchange patent benefits. A citi- 
zen of Germany patents a device in this 
country; an American manufacturer 
puts it on the U.S. market, and pays 
royalties to the German citizen. That’s 
money going into Germany from here. 
But reverse the situation and you find 
that the Nazis have a law against let- 
ting money go out of their country; they 
deal in blocked marks, which means 
barter. So the American citizen with a 
patented device selling in Germany 
doesn’t get paid. Congress is looking 
into the matter. 


New open-hearth steel process 
that produces a cleaner steel in shorter 
heating time and with less consumption 
of added materials, may speed up re- 
armament. A patent on the process has 
been issued to Charles H. Harty, Jr., of 
Bethlehem, Pa. The method is based on 
controlling the iron oxide content of the 
slag by a procedure which gives more 
time for making addition to the charge, 
for dissolving the additions and per- 
mitting them to react. The ratio of lime 
to silica added to the charge of scrap 
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metal controls the amount of iron slag 
at the end of the heating treatment. 
Samples are taken at half-hour inter- 
vals before the charge has completely 
melted. Iron oxide content is analyzed 
chemically and the viscosity of the 
molten metal measured. With the old 
method, samples of the charge were 
taken only after it was completely 
melted and the lime and silica content 
chemically analyzed. In the new process 
sampling is begun before complete 
melting and only the iron oxide content 
needs to be analyzed. 


Engineers kick themselves when 
they think that a few years ago the 
Curtiss Conqueror liquid-cooled engine 
was in full course of successful develop- 
ment, with a wide test ground in mili- 
tary and civil aviation. It started in 
1917 as a 6-cylinder, 400-hp. plant, and 
in the early thirties was a V-12 well up 
toward 1,000 hp. It was so good a plant 
that many pilots swore by it. Today, 
had the development been continued, 
this country might well have had an 
in-line power plant which, together 
with the Allison, would place us ahead 
of Europe in liquid-cooled engine de- 
velopment, possibly with higher horse- 
powers. Airplane designers here and 
abroad are gnashing their teeth for 
liquid-cooled power in the 1,500-2,000 
hp. class. 


New riveting process, being devel- 
oped by the Ford Motor Company, is 
engaging the attention of OPM and 
Service officials here. The process, as 
reported, may cut riveting labor by 50 
percent. Combined with a wider adop- 
tion of duralumin welding, it might ap- 
preciably increase the speed of airplane 
production. But quotations from com- 
petent authorities that plane manufac- 
ture will be “revolutionized” should be 
discounted. 


Speezlar refleetanee oí porcelain 
enamels exposed out-of-doors is deter- 
mined with a surface of liquid film as 
a reference standard. To date, the pol- 
ished surface of a plaque made of black 
glass has been used as the working 
standard, and its specular reflectance 
can be computed from the refractive 
index of the glass. Its specular reflect- 
ance is reduced appreciably by the 
scratching of everyday use. A liquid 






film is formed by flowing monochlorben- 
zene, or some other suitable liquid, 
over the rough-ground or sand-blasted 
face of a black ceramic body. It has the 
important advantage that it can be 
easily and accurately reproduced. 


750-Ib. eamera capable of framing 
an area of 790 sq. mi. from an altitude 
of 34,375 ft, developed by the U. S. 
Coast and Geodetic Survey, will be 
flown in a Navy PBY.5 Consolidated 
bomber over the coasts of Alaska, which 
are becoming more vital in the defense 
picture. The camera is the first of its 
kind. It has nine lenses which are 
capable of covering from eight to twenty 
times the area per exposure as that of 
modern single-lenses. A new process is 
used in coating the stainless steel mir- 
rors with vaporized aluminum. It would 
be possible to photograph an entire 
battle front with a single exposure, giv- 
ing details that would be lost by or- 
dinary equipment. A plane carrying 
such a camera would be no more vul- 
nerable than is the modern heavy 
bomber with its load. 


It gets mighty cold at the maximum 
altitudes attained in experimental and 
military flying. Effect these low tem- 
peratures might have on the various air- 
craft metals has been investigated by 
Samuel J. Rosenberg of the Bureau of 
Standards metallurgy division. The 
impact resistance of ferritic steels was 
found to decrease with lowering of the 
test temperature. No bad effect was 
recorded for other metals. 


Ultraviolet solar radiation at alti- 
tudes of 78,000 to 88,000 ft. is from ten 
to twelve times that observed at sea 
level, according to scientists of the Na- 
tional Bureau of Standards, who have 
been studying the distribution of ozone 
in the stratosphere with un-manned bal- 
loons. Observations showed that at 
these elevations from 65 to 70 percent 
of the ozone in the atmosphere has been 


left behind. 


Dr. Hugh L. Dryden’s “contribu- 
tions to the mechanics of boundary 
layer flow and to the interpretation of 
wind tunnel experiments,” for the Bu- 
reau of Standards, has won him the 
Reed award for notable work in the 
sciences relating to aeronautics. 
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New Materials and Parts 





“Torflex” Engine Mounting 


This new line of “Torflex” aircraft 
engine and cowl mounting of high 
capacity load rating employ Neoprene 
for resistance to oil and ozonal attack 
at high altitudes, and 18-8 stainless 
steel for resistance to the corrosive 
effects of salt air at low altitudes. 
Although originally designed for air- 
craft. use, the mountings are also avail- 
able for industrial applications where 
operating conditions require both 
Neoprene and stainless steel. The 
unique method of manufacturing “Tor- 





flex” engine and cowl mountings pro- 
vides a mechanical, rather than a 
chemical bond between the Neoprene 
and stainless steel, permitting their 
use in a combination for the first time. 
Capacity rating is approximately 150 
lb. per sq. in. axial load. The process 
also permits the manufacture of special 
sizes or small quantities at low cost. 
Harris Products Co., 5428 Common- 
wealth Ave., Detroit, Mich. 


Gasoline Motors 


Model “U” small gasoline motor is a 
compact unit rated at 1 hp. with a 
speed range 2.200 to 3,200 r.p.m., al- 
though actual dynamometer tests show 
it to develop 1.25 hp. at 2,700 r.p.m. 
It has a 2x2 in. bore and stroke with 
a piston displacement of 6.28 cu. in. 
The 5-pint fuel tank is mounted ver- 
tically beside the cylinder block rather 
than on top, which reduces the overall 
height of the complete unit. A specially 
designed suction type of carburetor is 
used to draw the fuel from the tank. 
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model 


standard 
in the illustration, it is also 
available with gear reductions of 6 to 


In addition to the 
shown 


1 апа 2 to 1. The new Model “N” 
motor has the same piston displace- 
ment as the “U”, but develops up to 
2 hp. at 4,000 r.p.m. under test, al- 
though it is rated by the manufacturer 
at 1.5 hp. with speed range of 2,600 
to 4,000 r.p.m. Both models are air- 
cooled, 4-cycle, L-head design. А 
patented high tension magneto is built 
into the flywheel which is both moisture 
and dust-proof. Connecting rods and 
pistons are of durable aluminum alloy. 
Motor speed is regulated by an adjust- 
able pneumatic type of governor. 
Briggs & Stratton Corp., Milwaukee, 
Wis. 


Motor Mounting 


Providing individual motor installa- 
tion on all types of machine tools, this 
new multi motor mounting accommo- 
dates NEMA írames No. 204 to 326 
(1-15 hp. at 1,800 r.p.m.), including 


practically all Canadian, British, South 
American and overseas motors. No ex- 





tra plates or rails are necessary, motor 
installation time is reduced to a mini- 
mum and provision has been made for 
the take-up of V-belts between motor 
and transmission. The three models of 
multi-motor mounting are: the lathe 
mounting bracket, the standard shaper 
bracket, and the milling machine 
bracket. Western Mfg. Co., 3428 Scot- 
ten Ave., Detroit, Mich. 


Insulating Tubing 


A new electrical insulating tubing, 
designed for use in electrical, radial 
and instrument equipment, is varnished 
on the inside as well as the outside 
surface. Principal advantages are 
greater ease in slipping over wires due 
to the smooth varnished inside surface, 
and high tensile strength with extreme 
flexibility. It possesses maximum heat 
endurance when subject to A.S.T.M. 
tests at 425 to 450 deg. F. for 15 min., 
is slow burning, and suitable for appli- 





cations involving high temperature 
baking or sealing with hot potting 
compounds. Moisture resistance and 


aging -properties are superior to those 
obtainable with tubing varnished on 
outside only. Available in Grades A-l 
and B-l dielectric strengths, and in all 
standard sizes from No. 20 to 1 in. in- 
side diameter and in six colors. Irving- 
ton Varnish & Insulator Co., 24 Argyle 


Terrace, Irvington, N. J. 


Galvanized Sheet 


This new galvanized sheet is sub- 
jected to chemical and metallurgical 
processes that change the surface finish 
without in any way weakening the pro- 
tective spelter coating. The galvaniz- 
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ing of “Colorbond” remains intact, 
unimpaired, a durable protection that 
safeguards the metal even after the 
paint coating has disappeared. Paint, 
enamel, varnish, lacquer, and other 
finishes can be used on Colorbond with 
complete satisfaction, because the coat- 
ing has a “tooth” which gives good 
paint adhesion. Available in pure iron 
copper alloy, copper steel, and in Globe 
brand steel. Newport Rolling Mill Co., 
Newport, Ky. 


Lindsay Structure 


This new structure for cabinet and 
housing, now finished in white enamel 
with a chrome trim, is assembled 
under an entirely new principle. The 
high tensile strength of the panel 
sheets is made available by pulling the 





sheets into tension between framing 
members. This tension binds the entire 


structure rigidly together. The “pre- 
tensed” sheets are fastened to the fram- 
ing without the use of rivets or welds, 
and the completed unit has the ap- 
pearance of a machine-finished job. 
Panel sheets are coated with a baked 
enamel finish, and framing members 
are finished in chrome to provide a 
pleasing contrast. Dry-Zero Corp., 222 
N. Bank Drive, Chicago, Ill. 


Frequency Converter 


For operation of industrial vibrating 
screens, conveyors, coolers, feeders, 
dryers, packers, saws, hammers, drills, 
this unit provides a 30-cycle half wave 
supply with 1,800 vibrations per min. 
from a 60-cycle line, and replaces a 
15-сус1е motor-generator set. It does 
this at a lower first cost, less weight, 
higher efficiency, longer life, and with 
no moving parts or fire hazard. Out- 
standing in its simplicity, it has no 
tricky adjustments and no special train- 
ing is required for installation or main- 
tenance. It is unaffected by variations 
in temperature, dust, moisture, or line 
voltage fluctuation. Equally satisfac- 
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tory operation on any type of load, the 
unit does not depend upon inductive 
recoil or any type of rectified kickback 
for its control, and its output frequency 
is always independent of the load. 
Clark Laboratories, Palm Springs, 


Calif. 


Aircraft Electric Motors 


These new aircraft d.c. electric 
motors combine lightness and compact- 
ness with high power output and range 
from 1/100 to 3 hp. Motors are built 
according to U. S. Army Air Corps 
specifications with standard size mount- 
ing pads, shaft fittings, and terminal 
connections or with special fittings for 
commercial applications. The line of 
motors is designed expressly for air- 
craft power needs such as the operation 
of hydraulic and fuel pumps, landing 
gear retracting mechanisms, tow target 
winches, anti-icing equipment, wing 
flaps, and a variety of other uses. 
Magnesium alloy castings are used for 
motor frame to reduce weight; motors 





are insulated for high operating tem- 
peratures with fiber glass and special 
heat-resisting varnish. All models are 
radio shielded and shafts turn on pre- 
cision ball bearings. Air Associates, 


Inc., Bendix, N. J. 


Black Spraying Lacquer 


This new black spraying lacquer, 
available in either high gloss, semi- 
gloss, or flat, is claimed to be the equal 
of patented lacquers now on the mar- 
ket as to build, flexibility, adhesion, 
coverage, resistance to humidity, and 
aging. No primary coat is necessary, 
one coat direct to metal is sufficient. 
C. W. Haynes Laboratories, Inc., 
Springfield, Mass. 


Double Reset Timer 


Especially adapted to industrial ap- 
plications requiring an adjustable and 
rapidly repeating time cycle, these new 
automatic double reset timers consist 
of two Cramer reset timer mechanisms 
mounted on a control panel, and con- 





trolling common electrical circuits. The 
same precision micrometer adjustment 
and "band-spread" time scales are pro- 
vided to facilitate accurate settings. 
Attractive gray enameled die-cast 
housing provides both rugged and dust- 
proof protection and facilitates mount- 
ing and wiring. Either conduit or BX 
type wiring can be used. In addition, 
the housing can be locked as a pro- 
tection against alteration of critical 
timing of industrial processes. Avail- 
able for 110 or 220 volts and 50 or 60 
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cycle operation, with time ranges at 
the present time for each individual 
times of 15, 30, 60 and 120 sec. maxi- 
mum. R. W. Cramer Co., Inc., Center- 
brook, Conn. 


Electronic Timer 


The new Model 52 general purpose 
timer, is capable of providing extremely 
accurate automatic timing control for 
virtually any requirements where cy- 
cling or sequencing must be controlled 
in seconds or fractions of seconds. The 
use of the electronic principle of tim- 
ing which employs a vaccum tube as 
the essential timing element is claimed 
to eliminate any inaccuracies which 
might develop as a result of wear in 
gear trains, cams and other mechanical 





timing mechanisms. Feature of this 
timer is the rapidity of adjustment 
afforded by the selector knob by which 
the operator can set the timer by 
merely dialing for the correct time. 
This can be done with the front of the 
timer either open or closed. Timing 
operations can be specified within a 
wide range from !$o of a sec. to 120 
sec. Weltronic Corp. 3077 E. Outer 
Drive, Detroit, Mich. 


V-Belt Sheaves 


A new type of V-belt driver sheave, 
designated as the Q-D quick detachable 
and quick demountable type, is suitable 
for any application where quick mount- 
ing of sheave to shaft, and dismounting 
from shaft are desirable. Typical ap- 
plications are on fans, blowers, printing 
presses, machine tools and special 
equipment. Necessity of a wheel puller 
to remove wheel or hub from the shaft 
to get at the driving unit is eliminated. 
Each sheave unit consists of two parts: 
a longitudinally-split or clamp hub and 
a V-grooved rim. The hub is clamped 
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Draw-up 


\Solit hub — 





to the shaft by means of a cap screw 
in its flange and is securely fastened by 
a standard keyway. A fit equal to a 
press fit on shafts up to ten thousandths 
over-size or under-size, is provided. The 
rim is taper-fitted to thé hub and is 
fastened with three draw bolts. The 
type Q-D sheaves are available in the 
complete range of standard driver sizes 
and are stocked at convenient points. 
Worthington Pump & Machinery Corp., 
Harrison, N. J. 


Valve 


This valve is particularly adapted to 
the automat’. -ontrol of corrosive fluids, 
liquids containing solids, viscous and 
volatile substances, or gases. It can be 
used to control liquid level in tanks, 
vats; density of solutions in evapo- 
rators; flow of reagents in pH control; 
treatment of water, sewage. boiler feed 
water. Valve bodies are available in 
various types of alloys, or cast iron 
lined with lead, rubber, or glass to meet 
the requirements of the particular 








service. Diaphragms are tough, resili- 
ent, and resistant to the fluids handled. 
The unique construction eliminates 
stem packing or stuffing box and pre- 
vents corrosion, clogging or sticking of 
the working parts. The heavy-duty 
motor-operator can be controlled di- 
rectly from a liquid level, float, 
pressure switch, relay, thermostat, or 
similar device. Barber-Colman Co., 


Rockford, Ill. 


Plugs and Receptacles 


A new line of heavy duty plugs, re- 
ceptacles and cord connectors for use 
equipment, 


with portable electrical 





designated “Midget Triploc”. Avail- 
able in 2, 3 and 4 pole type, rated 10 
amp. at 250 volts and 15 amp. at 125 
volts, the contact units are interchange- 
able to permit a wide variety of plug 
shells and receptacle housings. Con- 
tact units are reversible for safety, it 
being possible to place the protective 
female contact in either the plug shell 
or the receptacle housing depending 
upon which is connected to the line 
side. This permits the use of extension 
cords with cable connectors and con- 
venient receptacles mounted on portable 
equipment without hazard of exposed 
live contacts. The rotary type plug 
contact shoe automatically engages a 
locked post on the receptacle housing. 
Contacts are provided with a spring 
clip which contacts the plug or re- 
ceptacle housing for grounding. Seven 
types of receptacle housings are avail- 
able in addition to the cord connector 
type receptacle housing. Pyle-National 
Co., 1334-58 N. Kostner Ave., Chicago, 
Ill. 


Drafting Machine 


Low-priced drafting machine, the 
new model 60 “Master-Drafto” takes a 
maximum size sheet of 24x36 in. Arms 
are constructed of seamless steel tub- 
ing, fitted with solid bearings. The 
scale blades are designed so that any 
scale, either boxwood or aluminum, can 
be inserted. For center-mounting the 
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machine on a drafting board or table, 
a cast aluminum bracket is used, con- 
taining a screw for leveling the scales 
parallel to the drafting surface. The 
stainless steel protractor plate is gradu- 
ated in 2 deg., and can be set accu- 
rately for 4%-deg. readings by use of a 
graduated vernier. The protractor can 
be locked at any degree, but for speed 
and convenience it is fitted with a latch- 
ing spring to lock the scales at 0, 30, 
45, 60 and 90 deg. on either side of 
the 0 deg. reading. Drafto Co., Coch- 
ranton, Pa. 


Photo-Copying Device 


This new electro-copyist, an office 
device for multiple reproduction by 
photo-process, incorporates additional 
convenient features in its cabinet and 
advancements in electric photoprinting 
rays. Underneath the ground glass, 
vacuum bulbs giving off white rays 
and amber rays are placed, each group 
spaced so as to give uniform light 





diffusion as determined by a light 
meter. The amber color is employed 
for making negatives, and the white 
light for positive prints. A simple flip 
of the switch turns on either one or 
the other set of bulbs, and a pilot light 
shows the operator which color is in 
use. This method of light diffusion 
eliminates the need of filter glass. Case 
is built with reinforced frame. work 
and is fitted with heavy-duty lid latches 
and hinges, which assures perfect con- 
tact of copying material on the ground 
glass. Hunter Electro-Copyist, Inc., 
Syracuse, N. Y. 
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Variable Speed Drive 


This Vari-Speed motor drive provides 
positive, infinitely variable speeds 
within its ratio of 4 to 1, and permits 
instant regulation of spindle or cutting 
speeds to a fraction of a revolution per 
minute. A large diameter single take- 





off pulley eliminates all belt shifting. 
Convenient handwheel changes speed 
while in operation. The unit features 
a one-piece frame, low center of 
gravity, dynamically balanced pulleys 
with ground belt surfaces, over-sized 
sealed ball bearings throughout, with 
no gears. Available in sizes from 1 to 
5 hp. Given Machinery Co., 2020 
Santa Fe Ave., Los Angeles, Calif. 


Synthetic Rubber Packings 


Two new types of packing, one made 
of Ameripol, and the other of Koroseal 
are now available. The Ameripol prod- 
uct is a dark sheet packing superior to 
natural rubber and other synthetic 
packing in its resistance to the action 
of oils. It ages well, and provides ex- 
cellent resistance to heat and cold as 
well as water absorption. Tensile 
strength is approximately 1,500 lb. per 
sq. in.; elongation is 400 per cent; 
Shore durometer hardness ranges from 
78 to 82. Available in 100-lb. rolls, 
approximately 36 in. wide in thick- 
nesses from 1/32 to !4 in. inclusive. 
The Koroseal packing is compounded 
to resist the action of oils and solvents, 





and also resists the action of some 
corrosives. Tensile strength is 2,200 1b. 
per sq. in.; elongation 300 per cent; 


Shore durometer hardness 73 to 77. 
Available in 26x26-in. sheets. The B. 


F. Goodrich Co., Akron, Ohio. 


Pen Filler 


A new type pen filler guaranteed to 
take up more ink, nicknamed “The 
Little Big Dipper” is made of clear 
Polystyrene, and is now supplied with 
the desk bottle of Higgins Ink. Uni- 
form length, diameter and thickness of 
the material insures the consumer 
against receiving a quill turned over at 
the end from contact with the bottom 
of the bottle, or a short quill making 
it difficult to take up ink. Chas. M. 
Higgins & Co., Inc., 271 Ninth St., 
Brooklyn, N. Y. 


Blueprinting Machine 
Known as the Model 55 BW Printer, 


this machine is very compact, measur- 
ing only 32 in. wide, 62 in. long and 
48 in. high. A 42.in. printer operates 
with either cut sheets or roll stock. It 
prints ink tracings at from 12 to 15 ft. 





per min. A full-view speed indicator 
makes the speed of the machine readily 
visible. The entire top of the machine 
serves as a return tray, and the return 
is so designed that the tracing enters 
the tray on top of the print in exactly 
the same way as it is inserted in the 
machine. No reversing of the tracing is 
necessary when reinserting it into the 
machine. Furthermore, as they emerge 
from the printer onto the tray, exposed 
sheets stack themselves almost auto- 
matically. Light source is a 55-watt 
mercury vapor quartz lamp, which fur- 
nishes uniform exposure without flick- 
ering, and is guaranteed for a life of 
1,000 hours. 9 in. Pyrex contact cylin- 
der provides almost perfect contact. 
Double centrifugal blower reduces op- 
erating noise. Transmission and motor 
are resiliently mounted to reduce vibra- 
tion, and an automatic clutch, operated 
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by a simple wide-range foot pedal, re- 
leases the feed roller so that the tracing 
can be adjusted or removed when neces- 
sary. Charles Bruning Co., Inc., 100 
Reade St., New York, N. Y. 


Range Switch 


This redesigned combination range 
switch has 60-amp. two-pole main and 
range circuits, and four one-pole plug 
fusible circuit. Devices with parallel 
main and range switches are available. 
All boxes and surface covers have 
aluminum finish as standard, flush cov- 
ers are gray enamel. Solderless con- 





nectors are furnished throughout. The 
strong, light-weight Bakelite base can 
be reversed if it is desired to have the 
plug fuse circuits at the top. The 
Bakelite fuse-breaks in these devices 
have test holes so that the fuses can be 
tested without removing the fuse puller. 


Assembly is extremely simple. Square 
D Co., Detroit, Mich. 


Recycling Control 


This recently developed new type of 
recycling control for attachment on 
meters used for the initiation of auto- 
matic processes, is so constructed that 
when a predetermined quantity of 


Front cover gasket 





water has passed through the meter a 
contact will be made which will initiate 
the automatic cycle after which this 
meter control resets itself and is auto- 
matically ready to measure the prede- 
termined quantity of water before the 
next automatic cycle is started. Par- 
ticular points of interest in this new 
mechanism are that mercury switches 
are used throughout, insuring good 
electrical contact and freedom from 
dust and corrosion problems. There are 
no electrical current-carrying parts on 
the dial. Adjustment of the quantity 
of water that will pass through the 
meter between automatic cycles is ac- 
complished by means of an easily ac- 
cesible dial visible through the glass 
face, as are the totalizer, test hand and 
register dial. Permutit Co., 330 W. 
42nd St., New York, N. Y. 


Open-End V -Belting 


This new line of open-end V-belting. 
for application on drives where endless 
V-belts cannot be applied or can be put 
on only at considerable expense and 
trouble in tearing a machine apart to 
get at the sheaves, makes possible the 
refitting of old and inefficient lineshafts. 
Made in maximum 50-ft. lengths, the 
open-end V-belting is made in top 
widths of 33 in., 7& in. and 114 in. and 
in thicknesses of x in., 5@ in., and 34 
in. Angle in each case is 40 deg. Metal 
fasteners are used. B. F. Goodrich Co., 
Akron, Ohio. 


Porcelain 


Known as Prestite, this new dry- 
process porcelain has dielectric strength 
equal to that of wet-process porcelain, 
with mechanical strength about 10 per- 
cent greater under tension and canti- 
lever loads. It is impervious to moisture 
and has the same resistance to heat 
shock as other types of porcelain. Par- 
ticularly adaptable for intricately 
shaped pieces, dimensions of Prestite 
can be held accurate within 144 per- 
cent. This deviation is only half that 
normally allowed in equivalent wet- 
process pieces; about the same as for 
dry-process. Since wet-process porce- 
lain is not adaptable to production of 
intricate parts, they are normally 
formed by the accurate dry process, 
which yields an electrically and 
mechanically inferior product. For a 
given dielectric strength a Prestite part 
can be made about a third the size of 
the equivalent dry-process piece; for 
the same mechanical strength size re- 
duction varies from about 10 to 30 per- 
cent, depending on the kind of load car- 
ried. Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 





Gear Beam Compass 


Unique rack and geared roller per 
mits quick adjustment of this gear beanı 
compass. The roller device, which hold- 
the scriber, has a gear-like roller which 
is in constant engagement with the 





racked beam. To set compass to the 
desired radius, propel the roller along 
the beam by the thumb. Compass can 
be set as close as 0.001 in. Position of 
the compass can be locked by a thumb 
screw provided in the roller device. 
Beam is made from aluminum alloy 
tubing and anodized to a satin finish. 
A. P. Bartusch, Lockport, N. Y. 


Drafting Lamp 


The special pigment-treated reflector 
of this engineers fluorescent balances 
the irritating heavy blue light of ordi- 
nary fluorescent lighting and produces 
a neutral colorless light, making eye- 





work easier and quicker. The fluores- 
cent lamp has otherwise all the 
advantages over incandescent lamps of 
cool illumination and economy. Quick 
positive adjustment sets the swivel arm 
at any position from the table top to 
24 in. Shade is adjustable in a hori- 
zontal 360-deg. arc and in a vertical 
180-deg. arc. Finished in brown Mate- 
lasse with silver trim. Available in two 
models for clamping or screw anchor 
attachment to the drawing surface. 
Frederick Post Co., P. O. Box 803, 
Chicago, Ill. 
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Manufacturers Publications 








Materials 


BrAnuixc METAL—Oman Metal Div., Kit- 
son Co. 1500 Walnut St. Philadelphia, 
Pa. Bulletin, 4 pages, 84x11 in. A gen- 
eral description of Oman metal, the self- 
lubricating alloy for bushings, bearings, 
slides, elevator gibs, and similar applica- 
tions. 


Brakes—American Brake Shoe & Foun- 
dry Co., 230 Park Ave., New York, N. Y. 
Booklet, 36 pages, 4x634 in. Lists and 
describes all of the products manufactured 
by American Brake Shoe & Foundry Co., 
including wear-resisting materials, heat- 
resisting materials, friction materials, anti- 
frictional materials, railroad and automo- 
tive service equipment. 


Bronze AtLoys—Monarch Alloys Co., 
Ravenna, Ohio, “Don’t lose your bearings,” 
4 pages, 8x11 in. Brief description of 
three types of Monarch bearing and new 
bronzes. 


Mechanical Parts 


Cuain Drives—Link-Belt Co., 307 N. 
Michigan Ave., Chicago, Ill. Folder 1894, 
4 pages, 814-11 in. Illustrates and lists 
engineering specifications of ws-in. pitch 
Silverstreak silent chain drives for frac- 
tional horsepower duty. 


CLUTCHES—The Conway Clutch Co., 
1543 Queen City Ave., Cincinnati, Ohio. 
Bulletin MGT, 16 pages, 844x11 in. Illus- 
trates and lists catalog specifications of 
Conway gear tooth drive disk clutches in 
the 8-in., 10-in. and 12-in. sizes. 


DieseL Encines—Cummins Engine Со., 
Columbus, Ind. Bulletin 512, 36 pages, 
8%х11 in. Well illustrated catalog de- 
scribes complete line of Cummins indus- 
trial diesel engines. Data is complete with 
performance curves and condensed specifi- 
cation tables. 


Drive Equipment—Atlantic Gear Works, 
200 Lafayette St., New York, N. Y. 1941 
catalog, 110 pages, 414x614 in. Gives full 
specifications of stock gears, sprockets and 
ehains, reducers, bearings. and couplings. 
Also included are specifications of miscel- 
laneous mechanical drive equipment. 


FLEXIBLE BEARINGS — Harris Products 
Co., 5408 Commonwealth Ave., Detroit, 
Mich. Bulletin 128-2, 4 pages, 84x11 in. 
Sets forth features and illustrates typical 
applications of rubber-mounted flexible 
bearings and bushings. 


Hyprautic CYLINDERS — Tomkins-John- 
son Co., Jackson, Mich. Catalog H-40, 24 
pages, 812x11] in. Illustrates and gives 
specifications for complete line of hydrau- 
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lic cylinders. Of particular interest are 
tabulated data on cylinder areas, cylinder 
powers and pressure losses in pipe lines 
and fittings. 


OiLLEss BEAnINGS—Nolu Oilless Bearing 
Co., 18 E. Johnson St., Germantown, Phila- 
delphia, Pa. Bulletin, 4 pages, 8!5x1l in. 
Illustrates and describes typical impreg- 
nated wood oilless bearings manufactured 
by Nolu. 


Suarr SEALs—The Fulton Sylphon Co., 
Knoxville, Tenn. Bulletin 825, 16 pages, 
8!5xll in. Contains specifications, dimen- 
sions, operating characteristics and other 
useful information on Sylphon shaft seals. 


Electrical Parts 


Capacitor Motors —Century Electric 
Co., St. Louis, Mo. Bulletin BCA 120, 
4 pages, 844x1l in. Illustrates and sets 
forth features of Century capacitor single 
phase motors up to 20 hp. 


Compressor Motors—General Electric 
Co., Schenectady, N. Y. Bulletin GEA- 
3479, 2 pages, 8x103 in. Gives brief de- 
scription of air conditioning and refrigera- 
tion compressor motors. Type KG with 
triple voltage connection and Valv-Amp 
rotor, 


CoNvERTERS—Janette Manufacturing Co., 
556—558 W. Monroe St., Chicago, Ill. Bul- 
letin 13-25, 8 pages, 8'4xll in. Data 
packed bulletin covers complete line of 
Janette rotary converters and dynamotors, 
for use with radio devices, neon signs, test- 
ing equipment and similar applications. 


E.ectric Propucts—Bull Dog Electric 
Products Co., Detroit, Mich. Condensed 
Catalog 405, 88 pages, 83x10 in. Contains 
prices, specifications and dimensions for 
complete line of controlling and distribut- 
ing apparatus for electric light and power. 


INDUCTION. Morons — Century Electric 
Co. St. Louis, Mo. Bulletin BCA 120, 
4 pages, 84x11 in. Brief description of 
construction of totally inclosed fan-cooled, 
squirrel cage induction motors. 


MANUAL CONTROL SWITCH—General Con- 
trol Co., Cambridge, Mass. Leaflet, 2 
pages, 84x11 in. Illustrates and lists 
specifications and prices of the new Type 
MC manual control switch. 


MOTOR STARTING SwITcH—General Elec- 
tric Co., Schenectady, N. Y. Bulletin GEA- 
2234C, 4 pages, 8x10!5 in. This bulletin 
gives general description of the Type CI 
1061 manual motor starting switch for con- 
trol of fractional horsepower motors. 


PLucs AND Recepractes—The Pyle- 
National Co., 1334-58 N. Kostner Ave., 


- Waterbury, Conn. 





Chicago, Ill. Bulletin 1140-1, 4 pages, 
8l5xll in. Gives complete description of 
the new line of Midget Triploc plug and 
receptacles for portable electric equipment. 


PORTABLE CABLE—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-1918B, 
8 pages, 8x10!5 in. This bulletin should 
be consulted whenever Tellurim portable 
cable for portable electric machinery is 
required. 


PUSHBUTTON STATION—General Electric 
Co., Schenectady, N. Y. Bulletin GEA- 
3469, 4 pages, 8x10!5 in. Illustrates and 
very briefly describes the features of the 
new standard duty pushbutton station, 


Finishes 


PLaAsric. CoariNcs—American Concrete 
and Steel Pipe Co. Box 3428, Terminal 
Annex P. O., Los Angeles, Calif. Catalog, 
16 pages, 844xll in.  Amercoat, defined 
briefly as a sprayable plastic coating that 
is corrosion-proof and non-contaminating, 
is described in this catalog. 


Rapiant Heat Dryinc—Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
Booklet A-3817, 12 pages, 844xll in. The 
fundamentals of radiant heat for industrial 
drying are presented in the first section 
of this publication, followed by four pages 
showing typical installations. 


Fabrication Methods 


Wetpinc—Lincoln Electric Co., Cleve- 
land, Ohio. Application Sheet 72, 4 pages, 
814x11 in. This article-type bulletin gives 
a summary of the methods and costs of 
five approaches to the design of a lever for 
welding. 


Instruments and Regulators 


Liguw Lever Gaces—The Bristol Co., 
Catalog 1015 describes 
complete line of instruments for recording, 
indicating or automatically controlling the 
level of almost every kind of liquid. 


PHoroMETERs—Leeds & Northrup Co., 
4901 Stenton Ave., Philadelphia, Pa. Cata- 
log E-72, 20 pages, 8x10!5 in. Photometers 
and illuminometers for lamp testing, light- 
ing surveys and photometric research and 
educational use are described. 


Stine RuLE—Keuffel & Esser Co., Adams 
& Third Sts., Hoboken, N. J. “How to 
Choose a Slide Rule," 24 pages, 53x81 in. 
Humorous publication explains the differ- 
ence between the various types of slide 
rules available, and contains slide rule 
information of interest to the entire en- 
gineering profession. 


THERMOSTAT CONTROL — Sterling, Inc.. 
3657 North Holton St., Milwaukee, Wis. 
Bulletin 402, 4 pages, 8!5x1ll in. Describes 
the 150-A Thermotrol, a recently announced 
direct-acting, thermostatic control for regu- 
lating flow of steam or water. 
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Books and Bulletins 





Steel Castings Handbook 


503 pages, 6x9 in., 341 illustrations, 
diagrams and curves; 148 data tables. 
Gray semi-flexible covers. Published 
by the Steel Founders’ Society of 
America, 920 Midland Bldg., Cleve- 
land, Ohio. Price $2. 


Prepared to serve as a_ practical 
handbook, this book is an authoritative 
source of information for engineers who 
are interested in the design, produc- 
tion or uses of steel castings. Some lit- 
erature which has appeared on the 
subject is presented, as well as much 
hitherto unpublished information. The 
text deals with the history of the in- 
dustry, definitions, classes and manu- 
facture of steel castings. Of special 
value to engineers who design steel 
castings or write specifications are the 
chapters on physical and mechanical 
properties, heat-treatment, carbon and 
low alloy steels, specifications, and steel 
casting design. The material covering 
the uses of steel castings amply 
illustrates their broad range of applica- 
tions throughout industry. Many ex- 
cellent pictures are used throughout 
the book to add interesting atmosphere. 
The numerous tables of data included 
make the book a complete reference 
manual. 


The Airplane and Its Engine 


CHATFIELD, TAYLOR AND OBER— 
Fourth Edition. 414 pages illustrated 
and indexed, 6x8Y4 in. Blue clothboard 
covers. Published by the McGraw-Hill 
Book Co., 330 W est 42nd St., New York, 
N. Y. Price $3. 


Intended primarily for the reader 
who desires information on the basic 
principles and present development of 
the airplane and its power plant, this 
well-known text book, recently revised, 
requires only elementary knowledge of 
physics or mathematics. The fourth 
edition has been completely revised to 
clarify the text and amplify explana- 
tions of fundamental principles. Much 
new material is therefore included. and 
illustrations and descriptions of mod- 
ern planes and engines replace those 
designs described in previous editions. 

Among the new data are principles 
and practice of super-charging. Liquid- 
cooled, air-cooled and light-plane en- 
zines developed in the past four years, 
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and a complete description of full- 
feathering propeller operation are also 
included. Not the least important addi- 
tion is new material on airplane instru- 
ments and accessories with discussion of 
equipment for blind landing and sub- 
stratosphere flying. A bibliography of 
technical books on the subject is fur- 
nished. The book should prove valuable 
not only in schools and colleges but 
also to those engineers who wish to get 
a background in the art. For designing 
engineers and expert mechanics, more 
advanced texts for intensive study will 
necessarily be required. 


A.S.T.M. Standards 
1940 Supplement 


Part 1-—Metals, 478 pages. Part II— 
Von-metallic materials, Constructional, 
448 pages. Part III—Non-metallic ma- 
terials, general, 574 pages. 614x9Y4 in. 
Blue leatherette covers. Published by 
American Society of Testing Materials, 
260 S. Broad St., Philadelphia, Pa. 
Price (to non-members) $3 one part, $5 
two parts, $7 three parts. 


These three supplements bring up-to- 
date the complete publications of A.S. 
T.M. Standards and tentative standards, 
and together with the three volumes of 
the 1939 books of standards contain the 
581 standards and 371 tentative stand- 
ards now in effect. Stickers accompa- 
nying the supplements, when attached 
to appropriate pages of the 1939 books 
of A.S.T.M. standards call attention to 
standards that have been changed by 
the supplement. New and revised 
standards and tentative standards to be 
issued in 1941 will be published a year 
from now in the 1941 supplements. 


Machine Design 


Louis J. BRADFORD and PauL B. 
Earon—Fourth Edition, 271 pages, 61⁄4 
x914 in. Blue clothboard covers. Pub- 
lished by John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N. Y. Price $3. 


Intended solely as a textbook for in- 
tensive mechanical engineering courses, 
this compact book was first published in 
1926. In this fourth edition, the book 
has been thoroughly revised. Chapters 
on gear design have been rewritten to 
conform with modern practice as ap- 
proved by A.G.M.A.; the chapters on 
spring design and V-belts have also been 


rewritten. Data on ball and roller bear. 
ings have been considerably amplified. 

Obsolete portions of the text have 
been removed to keep the book within 
its original dimensions. The authors 
have omitted discussion of special ma- 
chinery and data that can be found in 
handbooks available to the engineer 
with the idea that the book should serve 
to teach students how to use data rather 
than be a source of data. 


Fabrication of Monel, Nickel, And 
Inconel Seamless Pipe and Tubing 


Bulletin T-17, 12 pages, 84x11 in. Pub. 
lished by Development and Research Div., 
International Nickel Co., 67 Wall St., New 
York, N. Y. 


This latest addition to International 
Nickel's technical information bulletins 
covers properties, design and fabrication 
methods for nickel and nickel alloy seam. 
less pipe and tubing. Design data are 
complete and are tabulated for quick refer. 
ence wherever possible. Fabrication meth. 
ods described and illustrated include ma. 
chining, welding, brazing, bending, coiling 
and expanding. 


Conversion Tables 
For Universal Viscosities 


16 pages, 6x9 in. Published by Ameri- 
can Society for Testing Materials, 260 S. 
Broad St., Philadelphia, Pa. Single copy 


price 25 cents. 


Kinematic and Saybolt Universal vis 
cosities can easily be converted by use of 
these tables. The tables range from 2.00 
to 330.0 centistokes (32.60 to 1524.6 Say- 
bolt seconds at 100 deg. F.) by increments 
of 0.01, 0.02, 0.10 and 0.20 depending on 
the range. Saybolt equivalents at 210 deg. 
F. are given for a centistoke range of 2.00 
to 75.0. 


Heat Transfer By Radiation 


W. J. Woutensperc—Research Series No. 
75. 72 pages, 6x9 in. Published by Engi- 
neering Experiment Station, Purdue Uni- 
versity, Lafayette, Ind. 


Presenting four lectures delivered by the 
auther at Purdue University on April 23 
and 24, 1940. The first lecture entitled 
“The Nature of Radiation and Its Net In- 
terchange between Surfaces of Solids,” 
deals primarily with those general laws of 
radiation which are deducible from the 
laws of optics and thermodynamics. The 
second lecture, “Spectral Distribution of 
Energy and Radiation from Gases” involves 
some statistical mechanics. The third lec- 
ture, “Equations Representing the Heat 
Interchange by Radiation Occurring in 
Systems Involving Gases with and without 
Particles and Suspension,” is devoted to 
radiation equations as applied in certain 
classes of practical problems. The fourth 
lecture, “Distribution of Energy in the Pul- 
verized Coal Furnace Cavity,” is a very 
special application dealing with heat trans 
fer results. 
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3 
Ў POLYVINYL ALCOHOL POLYALKYLENE SULPHIDES PoLYISOBUTYLENE 
( Resistoflez) (Thiokol) ( Perduren) (Vistaner) (Oppanol) 
General Characterized by high resistance to a| Inert to most types of deterioration 
large number of organic solvents. and in one form retains flexibility 
down to —50 deg. C. 

Chemical !. Resistant to gasolines, oils, greases,| 1. Resistant to organic solvents, = 1. Resists most common chemicals, 
kerosene, certain organic solvents not swell much in the most active of ozone, effects of animal and 
such as chlorinated hydrocarbons, | solvents and very little in presence vegetable oils and fats, moisture. 
aliphatic and aromatic ketones; but of oils. 2. Not soluble in oxygen containing 
not mixtures involving any water,| 2. Resistant to oxidizing effects of air, solvents such as alcohols, esters 

j glycerol or alcohol. ozone, weathering and natural aging. and ketones. 
3. Highly resistant to moisture absorp-| 
| tion, permeation and harmful effects 
| of oil and gasoline. 
Mechanical 1. Has high tensile strength, good re-| 1. Burns slowly. 1. Has tensile strength and rebound 
| sistance to impact and abrasion. 2. A thin layer sufficient to prevent) similar to rubber. 
E 2. Permeability is about 1/20 that of| penetration of gases and liquids. 2. Has good electrical properties, 
rubber. 3. Thiokol DF (or D) has higher dielectric constant of 2.2—2.3 and 
3. Molds readily. physical properties and abrasion re- low power factor. 
sistance than Thiokol A. 3. Electrical properties do not 
1. Thiokol DF has a wide operating; change much when immersed. 
temperature range, —40 to 100| 4. Has little or no odor. 
Чек. С. | 
5. Thiokol DF is useful for tough heat- 
and-oil-resistant service. 
6. Thiokol A is useful where moisture 
| resistance is required. 

Limitations 1. Should not be used in presence of| l. Thermoplastic — will reshape under, 1. Does not resist chlorine or 
water, alcohol or glycerine because it} pressure. bromine. 
will dissolve or breakdown. 2. Thiokol A hardens at subzero tem-| 2. Depolymerizes in strong sun- 

2. Temperature range limited to char- peratures and should not be recom- light. 
acteristics provided by alcohol base, mended for use above 150 deg. F. 3. Burns freely. 
which are necessarily low for flexible| 3. Attacked by strong oxidizing agents} 4. Becomes soft when heated to 
grades. | and alkalies. 100 deg. C. for long periods. 
| 4. Not as high physical properties as} 5. Soluble or subject to swelling in 
с rubber but sufficient for many uses. petroleum and coal tar distillates, 
5. Relatively poor electrical qualities. chlorinated solvents. 
6. Cold flow not harmful when 
restrained as in vibration damper 
| bushings or by fabric as in oil- 
| slinger rings, otherwise it is more 
| than  chloroprene or butadiene} 
copolymers. 
) | خښ مڪ‎ — —— — = - i 
| Some Vacuum and pressure hose where its Airport service hose, airplane fuel hose,| Principal use is in compounding 
у Applications strength is needed. has been used for oil lines up to other mixtures, being used for ex- 
. | Handling refrigerants because of its| almost 225 deg. F. ample to improve the abrasion re- 
resistance to solvents. Gaskets of impregnated fabric, here| sistance of rubber. Из long 
| Valve seats in carburetors and other cold flow makes for good sealing of fibrous molecules combined with 
, equipment where no water is present. the joint. One auto company uses|  vulcanizing characteristics of 
e Used for conveying solvents, vegetable with gasket of special carton paper other rubberlike materials (poly - 
Í oils, cleaning fluids. | foil for good sealing. | chloroprene or butadiene) are 
s ; Used for tubing, diaphragms and in| Oil-proof belts, hose lines for vacuum expected to provide new materials 
. a other forms for fuel and brake power brakes. of useful properties such as high 
t i systems, and in hydraulic equipment.| Used as a flexible non-insulating jacket resistance to abrasion. Com- 
" Used for oil filter lines, diesel fuel lines. | for electrical cable giving almost as; bined with rubber good electrical 
"m Connections for vibration absorption good protection as lead, better where| properties result but compound 
it or isolation. severe moisture or corrosive соп- deforms with heat and pressure. 
0 ditions exist. | 
n Also used where vibration exists or for 
h protecting cables of portable tools 
| a where oils, solvents or acids plus 
vy abrasion exist. | 
$  — ———se€————————M—wp————————————————— —_ 
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PLASTICIZED 


(Flamenol, Knightware, Korolac, Koro- 
seal, Irvolite X TE-30 and Netco Tape) 


Particularly 


- 


л 


щл 


l 


PoLYVINYL CHLORIDES 
AND POLYVINYL CHLORIDE ACETATES 


outstanding because of 
ability to seal against corrosive acids, 


have good flexing properties, have 
good resistance to oxidation. 

Superior to natural rubber in re- 
sistance to sunlight, water, ozone, 
weathering. 

Resists effects of solvents, strong 
alkalies, caustic solutions, hydro- 
chloric acid, oleic acids, nitric acid, 
sulphuric acid, chromic acid. | 
Have good resistance to swelling| 


caused by mineral or vegetable oils. 
Burn only in direct flame. 

Superior to natural rubbers in flexing 
life. 

Tensile strength of harder Koroseal| 
compounds may reach 9,000 Ib. per 
sq.in., while elongation may be 
varied from 2 to 500 percent, both 
depending on the amount of plasti- 
cizer used, though the stronger 
grades have the least elongation. 
Will stay flexible down to —20 deg.| 
C. with proper plasticizing. | 
Have low moisture absorption. 
Resist corona cutting, can be com- 
pounded to give low power factor 
and dielectric constant. 


Are the rmoplastic and will reshape 
under pressure. 

Not recommended 
150 deg. F. 

Not recommended for flexing іп 


presence of hot oil. 
Not recommended for complete or 
constant immersion in organic com- 
pounds containing chlorine, nitro 
groups, aliphatic or aromatic ke- 
tones, aromatic amino compounds, 
lacquer solvents, acetic anhydride. 
Softer grades will lose plasticizer in 
certain oils, gasoline and benzol. 
Recommended only for low tension 
cable insulation, below 600 volts. 


for use above 





sed as insulation on electric wire 
because of its permanent flexibility 
and resistance to deteriorating effects 
which make rubber unsuitable. 


Protecting jackets on cable to replace 


( 


Lining for chromium, 


lead or other type sheathing. 


themical and oil resistant hose, tubing 


and equipment. 
pickling stainless 


steel and similar tanks. 


Covering electroplating racks. 
Wrapping material. 


Tubing to handle 


Mechanical goods such as belts, 


abric coating for waterproofness. 
chlorine gas, ozone, 
sulphuric, and hydrochloric acid. 

5 dia- 
phragms, machine aprons, seals, gas- 
kets for grease guns and shock 
absorbers, expansion joints, and. as a 
resilient covering for rolls in the 
textile industry. It has proper drag 
for yarns and necessary resistance to 
acids and oils used in spinning, weav- 
ing and dyeing. 
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PoLvCHLOROPRENE 
( Neoprene) 





Chief asset is stability in presence of 
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Gasoline 


C 


( 


oils, sunlight, and many chemicals. 


Has mashed resistance to адном. 


. Swells less than rubber in presence 


of oil while retaining strength, tough- 
ness and elasticity. 

Not affected much by alkalies. 
Resists fruit acids. 

Resists sulphuric and hydrochloric 
acids up to 30 per cent concentration 
even at high temperatures. 
Has mod resistance to бил. 
Has good damping properties. 
Tensile values vary bus 200 to 
1,000 lb. per sq. in. depending оп 
mix. 

Good heat resistance, special com- 
pounds good up to 300 deg. F. after 
which it tends to harden and fail by 
embrittlement. 

Like rubber in resistance to cold and 
ease of application. 





Not recommended for use in presence 
of nitric or concentrated chromic 
acid. 


Electrical properties not as good as 
rubber. 

Aromatic hydrocarbons such as ben- 
zene, toluene and xylene, also 
chlorinated solvents and acetic acids 
cause pronounced swelling and de- 
terioration in physical properties. 
Esters, such as amyl acetate, have 
deteriorating effect. 

Where close tolerances are important 
the amount of swelling must be taken 
into account. 


tank of 


cells impregnated 
fabric. 
arburetor valve seats; resilience makes 


for tight seal against metal and quiet 
operation. 





cotton impregnated tapes for sealing 


float and gas tank seams. 


Ignition wire covering. 
Many mechanical parts such as gaskets, 


belts, air hose where lubricating oil 
is injected in air stream, vibration 
dampers, diaphragms, molded goods. 


Neoprene bonded power belts are used 


where acid fumes or oils are present. 


Dredger cables subjected to intense sun- 


light, oil-bearing water, high sun 


temperature. 


Electric cables for portable machines 


Brake 


where abrasion in presence of oil 
makes rubber unsuitable. 
hose, dust seals on brake 


cylinders, hand brake cable bellows. 


Compression and pump packings. 
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BuTADIENE 

ACRYLIC NITRILE OR 

(Perbunan, Perbunan 
Buna S) 


AND 
STYRENE 
Ertra, 





Important because of its superiority 
to rubber in resistance to swelling 
in gasoline and lubricating oils 
(Perbunan), aging qualities, 
higher heat and abrasion resist- 





ance (particularly Buna 5). sf 
sealant ici tei — AD 
1. Perbunan  resists effects of 
mineral, vegetable and animal S 
oils and fats; aliphatic hydro 7 
carbons; sunlight, weathering. Ў 
2. Resists swelling by anti-freeze 7 


compounds, gasoline and many 
organic solvents (Perbunan 
Extra to a greater degree than 
Perbunan). 
1. Наз dà cold flow under con- i 
tinued loading. : 
Has good resistance to tempera- 
ture effects up to 200 deg. F. 
above which slow hardening 
occurs 
3. Flexing 
set, creep, 
resistance 
to rubber. 
t. Heat conductivity 
better than rubber. 
By compounding with gas black 
tensile values up to 4,500 lb. 7 
per sq.in. have been reported. 


N 


properties, 
hysteresis 
to moisture 


permanent 
loss and 
superior 


20 per cent 


gı 





1. Swells when in contact with aro- 


matic hydrocarbons, ketones 
such as acetone and methyl 
ethyl, alcohols, esters. 


bo 


. Swells more than rubber in pres- 
ence of chlorinated hydrocar- 
bons and organic bases. 

3. Perbunan is inferior to rubber 
from electrical standpoint, not 
recommended for insulation. 

1. Buna 5 in contact with gasoline 


and mineral oil swells almost as 
much as rubber. 


Used as jacket for cables where 
resistance to solvents, oil, ozone, 


moisture and abrasion are factors. 
Gaskets, water pump seals, shod 
absorber seals, windshield wiper 


blades. 

Other mechanical goods such as 
gasoline and oil hose, trans =% 
mission and conveyor һе — 


packings, steam hose, diaphragm. 
bellows. 


Coating fabrics, protective clothing 


and footwear. 

Machinery mounting blocks. 

Sheathing for wire and hose because 
of excellent heat resistance and 
superior aging properties. 

Buna S reputedly used exte »nsively 


in Germany for automobile tires. 


S 
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Designs for Speedier Production 


When the needs for national defense demanded of industry vastly greater 
and faster production, it seemed that the shortage of machine tools and 
skilled mechanics would limit the production schedules that could be met. 
Obviously, production could be increased beyond those limits only by 
redesigning the products, machinery and armaments so as to reduce the 
man-hours, skill and machinery required to produce them. Thus it is that 
today the number one job and responsibility of design engineers is to 
develop designs that can be manufactured most speedily out of suitable 
materials most readily available. 


Engineers have not been slow in taking the initiative to meet this 
greater responsibility. Already many designs have been revised and 
proven in production. It is highly desirable that what has been accom- 
plished be made known to all design engineers in order that industry 
as a whole can be benefitted by the initiative and ingenuity of leaders 
in the field of design. Only thus can American industrial productivity 
reach its highest peak. With this in mind Propuct ENGINEERING has 
devoted this entire number to Designs for Speedier Production, plus a 
directory of sources of supply for parts, materials and finishes. 


On the pages following are described, by illustrations and brief 
captions, ways and means by which designs have been developed to 


enable the shop to use quicker methods, to save machining time, to 
require less hours of skilled labor, or to shorten assembly time. Where 


feasible, condensed data and tables have been included to serve as an 
indication of the general scope and possibilities in the application of 


certain manufacturing methods. 


In selecting the items that appear on the following pages the aim 


was to illustrate and explain examples of design methods that have wide 


fields of applications. Few of the items are “new” in the strict sense of 
the word; all of them, we feel sure, will offer new ideas and new possi- 
bilities to a great number of readers. 


Without the splendid cooperation and direct contributions of many 
engineers, this number of PRODUCT ENGINEERING would not have been 
possible. To them we wish to express our thanks and appreciation. 
To them our readers are indebted for the wealth of design data and 


ideas presented on the following pages. 


GEORGE F. NORDENHOLT, EDITOR 


DESIGNS FOR SPEEDIER PRODUCTION 


WELDED ASSEMBLIES 


HOW WELDING AND ASSOCIATED PROCESSES SPEED PRODUCTION 


Fusion and resistance welding, in addition to the obvious direct savings in time, machining and 
materials, offer possibilities that are sometimes overlooked. Among the significant developments are: 


1. Complicated forgings and castings redesigned to be made from simple components welded 
together. 


2. Complicated stamped and drawn shapes redesigned to be made from simple elements resistance 
welded. 


3. Simple parts formerly made in one piece, redesigned to be made as a welded assembly of screw 
machine and other parts, to permit using different steels for different portions of the unit. 


Redesigns such as referred to above result in great savings in die costs, pattern costs, foundry costs, 
assembly costs, machining time and material. 


Flame eutting is not only a great time saver but also releases machine tools for other work and makes 


3 NE AG gam. 


possible the profiling of sheet too large to be accommodated in the available machine tools. 


DU 


EAN 


Flame hardening not only permits local hardening but also makes possible the surface hardening 
of pieces too large to be accommodated in furnaces or quench tanks, permits hardening of surfaces 
that would be warped by furnace treatment, and allows the design of built-up parts to be local 
hardened after assembly. 


NoTE: Induction heating—the Tocco process—offers many advantages similar to those of flame hard- 
ening but is limited to small and medium size parts. Several examples are given on the following pages. 
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WELDED CONSTRUCTION REDUCES MACHINING TIME 


Welded construction requires less machining whenever standard rolled steel shapes and plates 
can be used, since they can be furnished by the mill or supplier in required sizes and thicknesses 
to meet design specifications or flame cut to size. Welded construction also requires less machin- 


ing than does riveted construction since the latter requires drilled or punched holes for rivets. 


Machining Time Saved by Welded Construction 


Industrial case studies by design engineers as submitted 
to the James F. Lincoln Arc Welding Foundation 


MACHINING SAVED 


MACHINING TIME, WITH WELDED 








PRODUCT | Houns CONSTRUCTION 
Guide Yoke of Cast Steel "s STRUCTURE | 
Reinforced кы к or Part казган — 
‚сий ee 4 uo FORMER WELDED 
E T “ Construc- | Construc-| Hours PERCENT 
TION | TION | 
Deep well pump. ...... 10 | 24 16 10 
Locomotive guide yoke. . 26 | 20 6 23 
Dust collecting bench. . . 65 35 | 30 | 46 
Copper sheet coiling | 
ИНИМДИ... cox .| 160 | 12: 32 | 20 
Oil well spudder housing. | 131 | 100 31 2314 
Fabricated Vacuum pump.......... 309 | 178 131 12 


Welded Guide Yoke 


Comparison of the designs of the cast and the welded vacuum pump 
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ARC WELDING THIN SHEETS 


for making good welds in thin sheets. 





Uniformly good arc welds in sheets less than 0.050 in. (18 gage) thick have been difficult to 
attain because of the low currents and arc stability required. Generator type welders are now 


available with a minimum setting of 10 to 15 amp. with stable operation at 20 amp. and higher 


Stainless steel and Monel exhaust stacks and manifolds 


for aircraft, which are of comparatively thin gage, are being fabricated by this method. More 
recently the method has been 2pproved for aircraft use in bench assemblies such as control parts. 


Tests on two aircraft materials, S.A.E. 1025 and 4130, are shown in the accompanying tables. 


Tubular Section Formed of Thin Gage Stainless Steel 


A. Operations when plaster die formed parts are used 


# Round 


Could not 

be filled ~~ . 
by arc J 

weld 4 YS 


y 
Gas welded 


Worked into 

circular 
cross- 
section--~ 


с =з 
с тэ 
Removed "NP 


by nibbler + 


2 





B. Operations when steel or hard aluminum-bronze dies are used 


„- Sharp Arc 
f Ww corners welded. 


Cutoff 
in press 


V 


By using metal dies sharper corners can be formed and nibbling operation eliminated. By shearing 





off excess material, section can be arc welded in less time than before. As an example of time saving, 
identical aileron bell cranks have been welded in 12 min. by gas and in 3 min. by electric arc. 


Results of Tests on Welded Thin Tubes 




































| | 
SPECIMEN MATERIAL THICKNESS | CURRENT ELECTRODE FAILURE* AverAGE Unit 
| INCHES DIA. TENSILE STRESS 
| ae i 
Tubing 1025 0.035 18 3/64 O 81,950 
(1 in. dia.) 0.049 27 1/16 0 80, 600 
0.065 32 1/16 I 15,200 
4130 0.035 18 3/64 I 94,250 
anis 0.049 26 1/16 I 104,900 
0.065 32 1/16 I 82,600 
Sheet 1025 0.187 13 1/8 I 51,260 
Specimen 4130 0.035 23 1/16 O 113,500 
(34 in. wide) s 0.049 29 1/16 I 103,430 
0.187 65 3/32 I 57,260 














* [ — in weld 
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O — outside weld 
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Rod Size and Amperage for 
Welding Thin Gage Material 





(Approximate) 
| 
ELECTRODE WELDING GAGE OF 
Dia. (1N.) | CURRENT (AMP.)| MATERIAL 
1/32 5-10 32-26 
3/64 10-20 26-20 
1/16 20—40 20-14 
3/32 10—60 14-10 
1/8 60-75 10-14 in. 





S.A.E. 4340 NOW SUCCESSFULLY WELDED 


By welding, quenching and tempering after gas welding, S.A.E. 1340 tubes can be butt welded 
to give a tensile strength of more than 180,000 lb. per sq. in. with a Rockwell hardness of € 16. 
It is considered that a minimum tensile strength of 125,000 Ib. per sq. in. can be safely specified 
for parts made by gas welding S.A.E. 4340 steel tubes and normalizing. 

As shown in the accompanying table, butt welded specimens of S.A.E. 4340 tubes can be 
heat-treated to develop a maximum tensile strength of 217,000 Ib. per sq. in. as compared with 
a maximum tensile strength of 252,800 Ib. per sq. in. for the unwelded tube. The gas welding 
characteristics of this material are equal to or better than those of S.A.E. 4130 steel tubes. 


Results of Tension Tests. 


Butt Welded 4340 Steel Tubes 
134 in. O.D. x 0.65 in. Wall 





SPECIMEN 


No. 


19 
20 


Average 
oon 
99 


Average 


28 — 


24 | 


Average 


25 
26 


Average 


| 


Annealed and welded 99, 











TENSILE 
| CONDITION STRENGTH 


000 


| 98,700 

98,850 

E | Е m LPS Ho ° ^n 

| W жеи ии ё | СЕ 

130,500 

| “Welded “ as received” and| 124,000 

normalized | = 134,000 

129,000 

| Welded “ as received,” ой — 211,000 

| quenched 1,525 deg. F.| 211,500 
| tempered 400 deg. F. 

214,250 


| ROCKWELL 
HARDNESS 


LB. PER SQ. IN.|(BASE METAL) 


B 91.0 


B 91.5 


B 91.3 


€ 
€ 


38.0 | 


38.0 


C 38.0 


€ 


~ 


39.0 
‚31.0 
; 38.0 





51.0 _ 
51.0 


Nore: All specimens except Nos. 19 and 20 broke in or adjacent to 


the weld. 


April, 1941 
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Minimum Tensile Strength of Welds 
for Welder Qualification Tests 


(Air Corps Spec. 20013-B) 
| | 
CARBON CONTENT | CARBON STEEL ALLOY STEEL 
OF FILLER Rop Base METAL ВАзЕ METAL 





Up to 0.06.. | 15,000 55,000 
UI dll... ai 50, 000 | 65,000 
Over 0.12..... ex 55.000 70,000 





Results of Tension Tests. 
Butt Welded 4340 Steel Tubes 


214 in. O.D. x 0.125 in. Wall 





TENSILE ROCKWELL‏ تخ 
No E STRENGTH HARDNESS‏ 
i LB. PER SQ. IN. (Base METAL)‏ 
ә‏ 


As Welded 
1 128,30 C 36. 




















0 

4 136,000 | С 36.5 

3 131,200 | C 36.0 

1 135,500 C 36.5 

3 139,900 € 36.5 

6 145,500 C€ 31.3 

Average А. A 136.000 96.9 
; Welded and Normalized | 

a 135,000 C 40.5 

8 125,700 «26-3 

9 130.800 C 42.5 

10 133,900 C 38.0 

11 134,800 | С, 43.5 

12 137,500 | C 38.5 

Average — 132,900 — — € 40.0 

Welded, Quenched and Tempered 

175.000 С 45.0 

171,000 С, 46.5 

15 182,000 C 16.0 

16 167.000 C 16.0 

1? | 199,000 C 16.0 

18 | 204,000 C 47.0 

Average 183,000 C 46.0 


Nores: (1) Longitudinal bead welded on specimens 
Nos. 7 and 8. (2) All specimens broke in the weld. 
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Alternate designs are drawn up 
wherever possible by the War Depart- 
ment to speed production of ordnance 
parts. This permits a contractor to 
choose the alternate design which he can 
produce fastest and cheapest. Also, the 


Formed plate | 


WELDED BRACKET 


7 
1 
2 
= 
Z 


w 
ESSE OS ASA — 
ИШТ ШИ 


Section A-A 


SHSSNNNNS IM NSS 


Section A-A 


CAST STEEL BRACKET 


use of alternate designs increases the 
list of manufacturers equipped to pro- 
duce the given part. Fundamental di- 
mensions and tolerances are the same 
for each alternate; in some cases the 
same blueprints can be used for both 


Welded plate 


SECTION A-A OF ALTERNATE METHODS 


methods of production specified. Typ- 
ical of this far-sighted design policy is 
the bracket shown above, which can be 
either built up as an arc-welded assem- 
bly of tubes and plates, or cast from 
steel and machined. 


Plate for gun carriage is designed 
as shown so that it can be either welded 
or stamped. Choice of method depends 
upon the availability of equipment and 
labor in the individual sub-contractor’s 
shop. One blueprint shows both 
methods. 
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Either welding or drep forging 
are acceptable methods for making this 
foot rest for Army ordnance equipment. 
What little differences there are between 
the welded and forged parts are shown 
by broken lines at right. Contractor 
may choose either method for reasons 
of economy and speed of production 
with his equipment. 


Welded or east steel alternate de- 
signs are also given by Army design 
engineers of the Watertown Arsenal for 
this cradle yoke for anti-aircraft guns. 
Dimensions specified for both de- 
signs are identical, and except where 
otherwise indicated, 1/32 in. is speci- 
fied for all tolerances. 










WELDED YOKE 
ранец /125*.03* 





A= Broken lines apply 


Welded : foralfernafe drop -.. < A 
fillets ---------- ^ forging f--..___ Welded fillets--. 





SECTION A-A 





Z steel plates ---- 





r 
_---We/lded 
a ! fillets 
p Tubes of 
1020 steer 
= 














Cast steel 
Y. P.-40 000b. per sgin 
T.$770,000/5 per sg in. 


CAST STEEL YOKE 
(Alternate desigr) 


April, 1941 





Designs for speedier production 








U-shaped steel stampings with 
flued holes saved cost and weight, re- 
duced machining and assembly time, 
and increased strength and fatigue re- 
sistance of Chrysler lower and upper 





Welded Stampings Reduce Machining 


control arms of the front suspension. 
Formerly forged alloy steel, they re- 
quired expensive dies, drilling and ma- 
chining. Upper control arm is now two 
U-sections butt welded to form a box 






section at the center, replacing two 
forgings. Rubber bumper seats directly 
on assembly; with the forgings, a spe- 
cial bracket had to be forged integrally 
with the bar. 


dee 
Dust seal 


ý Weld securely 
top side 4 min. --. 
length of 


¢ ۴ 


Bushing ass’y Dust sea/ 


FORMER DESIGN OF UPPER CONTROL ARM 














: 64 14 — | 
Tapped holes in bar 7 







bushings must be in | CLof 
line and at right angles агт 
foCLofarm `, i 






A 
А 










Topped holes for knuckle .. 
support bushings must ^ 
Ње in line and at right 
angles to C.L. of arm 






FORMER DESIGN OF LOWER CONTROL ARM 









furnishes integral rAll holes must be square with face, 


support for 
rubber 


Line ream 


Weld spacer 
securely in position 
°° g-II pitch thread 
Р 08/7-0.82/PD 
0866-0874 0D 
: 0712-016 D 
¦ welding flash _ 
: over above” 
; surface of 
v metal ,- 


Tf < 
др | | Note: 
995 ore 
—344000 | Must have min. 
of 3i full threads 





Section B-B REDESIGN OF UPPER CONTROL ARM 


13" 
8 B 
WB ty ng 
Holes must be squaré with face, .--" 


inline and at right angles with C.L. 
1365 line ream both arms | 


1369 
Important — finish of surfaces and 
fapping of holes mus! be done 
with same setting of fixture 


Holes must be square\. , 
with face in line and (` 


/l-pitch thread 
0932-0936 PL 
= 80% to100% full thread = 
9 J] fap in line, both arms j ' J à 


Note: CLof fap must be on CL. 

of boss within 00/0" 

CL of either tap must not be off 
in relation +o each other more than 


1” 


ig in one foot 


REDESIGN OF 
LOWER CONTROL ARM 
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Cast stee/ bearing caps 
bolted to cover 


Cast steel bearin 
seats welded into 
gear case 


Certain sections of heavy machinery 
often can be produced easiest by cast- 
ing, while other sections can be fabri- 
cated best by welding. Farrel-Birming- 
ham Company takes advantage of both 












^ 
v 


э steel plate 


Castings and Plate in Welded Structures 


Flanges for bolting together 
sections of cover 


Flame-cut lightening 
holes 


Ribbed construction 
for lightness and rigidity 





methods when designing large housings 
for reduction gear drives by combining 
steel castings and steel plate in large 
welded Housing for oil 
tanker reduction gears, shown above, is 


structures. 


Cement mold 
steel castings . 


All boss surfaces machined 
wiTh one fool setting . 













“м | 


А 
Rolled bar stock 
welded in for bosses 


Designs for speedier production 











a typical design. Case and cover are 


rolled steel plate; ribbed to give rigid- 
ity. Welded three part cover is assem- 
bled by bolting to facilitate service in- 
spection. Welded on bearing seats and 
bolted on caps, on each side of case, 
are separate steel castings. The ship 
propulsion unit consists of two 700 hp., 


400 r.p.m. diesel engines which drive a 
central reduction gear at 125 
coupled to propeller shaft. 


r.p.m., 





Rolled steel plate and steel castings 
welded together contribute to speedier 
production and reduced weight of this 
4,000 hp. pinion stand designed by Far- 


rel-Birmingham Company for a cold 
strip finishing mill. Two end pedestals 
of the stand are steel castings, while the 
center section is fabricated from 2-in. 
steel plate. Horizontal stiffener plates 
are inside the structure. The cap simi- 
larly is constructed by welding cast 
steel ends to steel plate center section. 
In welding steel castings to steel plate, 
carbon content of casting should be held 


below 0.25 percent and manganese con- 
tent should be low. 
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Four Surface Preparations for Spot Welding 


METHOD | 
1. Dip parts in 50 percent HNO, cold 


for 15 seconds.* 

2. Rinse in cold water.* 

3. Dip parts in 5 percent NaOH + 4 
percent NaF at 160 deg. F. for 30 
seconds. 

4. Rinse in cold water. 

. Dip parts in 50 percent HNO, cold 
for 15 to 30 seconds to remove black 
deposit from step 3. 

. Rinse in cold water.** 

. Rinse in boiling water.*** 

. Dry parts on steam coils or in saw- 
dust. 


METHOD II 

1. Dip parts in 50 percent HNO, cold 
for 15 seconds.* 

. Rinse in cold water.* 

. Dip parts in 10 percent NaOH at 
160 deg. F. for 30 seconds. 


. Rinse in cold water. 


л 


Fusion Welding Characteristics of Aluminum Alloys 


Butt joint (notched) 


Butt joint-light 
n ir 0.087” to 0.1875" 


gage up to 0.057" 


NON-HEAT-TREATABLE | 


Butt joint (single vee) 


. Dip parts in 50 percent HNO; cold 
for 15 to 30 seconds to remove black 
deposit from step 3. 

. Rinse in cold water.** 

. Rinse in boiling water.*** 

. Dry parts on steam coil or in saw- 
dust. 


METHOD Ill 


l. Paint area to be welded with gum 
tragacanth HF acid paste and leave 
on for 30 seconds. 

2. Wash paste off with running cold 
water or with wet rags. 

3. Dry off water with dry rags. 

Gum tragacanth paste is prepared 
from: 

3 lb. gum tragacanth 

10 gal. hot water 

Dissolve gum tragacanth in hot 
water, add one gallon of alcohol to 
water if necessary to dissolve gum 
tragacanth. 


л 


У С 


со 


Butt joint (double vee) 


alternate design 
0.188"and up 


WRCUGHT ALLOYS 


| 


HEAT-TREATABLE 


for gages 0.438 and up 
Notches made with cold chisel approx.” deep and ğ apart 






Designs for speedier production 





























Add 10 lb. of hydrofluoric acid to 
above solution. 

Material must be stored in paraf- 
fine-lined containers. 

Operators must wear rubber gloves 
and goggles to use this material. In 
partially assembled parts precautions 
should be taken to keep acid out of 
joint. 

METHOD IV 
Area to be spot welded may be cleaned 
by mechanical means. 
(a) Rub with steel wool. 
(b) Rub with fine emery cloth. 
(c) Use fine wire brush. 





*Omit steps 1 and 2 for material rela- 
tively free from oil. 

** Repeat steps 3 to 6 for material having 
very heavy heat-treating film not removed 
in steps 1 to 6. 

***Final hot water should be thoroughly 
free of dissolved salts and of organic mat- 
ter which would tend to stain the freshly 
cleaned parts. 


FIG. 2 - PREPARATION OF JOINTS 
FOR METALLIC ARC WELDING \ 


6 
Edge preparation for material 
thicker thang” when welded 
from one side. No edge prepa- 
ration is used for welding from 
one side,sheets thinner thang in.; 
or for welding from both sides, 
sheets up tos in. thick 


CASTING ALLOYS 


| НЕАТ- 
| ТВЕАТ- 


| ABLE 


NON-HEAT-TREATABLE 





2A | 3S 





Gas Welding with Oxygen-Acetylene or Oxygen-Hydrogen with No. 22 Flux 





. Weldability 

. Thickness weldable 

VERE eee, 

. Joint preparation 
5. Max. pre-heat temp... . . 

. Finishing welds...... . 


Good | Good 


5 | 29 
See Fig. 1 
150 


750 


Hammer! Hammer 


| 528 | 53S | 61S |Ale. 17S/Alc. 2 


| Good | Good | Good | Poor 


Practical minimum 0.030 in.— maximum 1 in. 


| 43S | 438 | 488 | ... | . 


| 150 400 400 | и | І 
Grind | Grind | Grind | EA N! 








l. Weldability . ... 
2. Joint preparation. 


Good 


Metallic Arc Welding with No. 43 Flux Coated Electrodes — For sheets 12 gage and thicker 
е7 | Good 
None up to !4 in. sheet 


| Good | Good | Good | Poor 
See Fig. 2 





Carbon Arc 





. Weldability Good | Good 
» Type of joint........... 
. Filler wire 

. Max. pre-heat temp. .... 


Joint preparation. . . 


28 
400 





25 | 
400 


Atomic Hydrogen with No. 22 Flux — For sheets 0.040 in. and thicker 


Good Good 


28 


1. Weldability . 
2. Filler wire 
3. Joint preparation 


4. Max. pre-heat temp.....| 750 


April, 1941 


Well adapted to butt and simple lap joints 


28 
Same as for torch welding — See Fig. 1 
190 


| Poor 


| Poor 







iS) 43 | 214 | B214 |. 406 | 356 


| Good | Fair 
43 | 


| Good | Good | Fair 


43 | 43 | 25 1 43 


| 
| 150 150 150 190 400 
Grind | Grind | Grind | Grind | Grind 





| Good | Good | Good | Good | Good 





with Thin Coat of No. 25 Flux Thoroughly Dried on Rods — For sheets 20 to 14 gage 


| Good | Good | Good | Poor 


43S | 


43S | 
400 


Z c | 
400 


400 


None up to 14 in. (max. for manual application) 


Good 
43S 


Good 
43S 


Good 
43S 
750 


400 400 





| Poor | 















No applications have been made 

Good 
43S 
400 


Good 
43S 


150 


Good 
43S 


190 


Good 
43S 


Good 
43S 


750 












Economies with Resistance Welding 


T 
4490-0005" 


i \456-00/5" 
Butt weld 


---— “Buffer arm welded! ın place before =. 
axle is machine finished ts 


Bogie axle for anti-aircraft gun car- 
riage has a flange at each end which 
ordinarily would call for machining 
10-in. dia. stock down to the 4.56 in. 
smaller dia. for the greater part of the 
axle length. Most of that lathe work 
was eliminated by designing the axle in 
three parts, rough machining the flanged 


Expansion rings previously made 
from the cylindrical section of deep- 
drawn stainless steel cups, two rings 
being cut from the walls of each cup. 
The remaining metal was scrapped. In 
the design shown here, stainless steel 
strip is roll formed into a channel sec- 
tion and then wrapped around a man- 
drel. Each loop of the helix is then cut 
and the ends flash-welded together. 


Ew [SS 





Resistance- 
weld 








ХШ 


Stampings and serew machine parts resistance welded 
save much machining when large diameter flanges are re- 
quired on a turned piece of relatively small diameter. To 
make the above part from a forging would be slow and 
In the design shown the punched stamping is 
resistance welded to the shaft or shank. 
might be used instead of resistance welding. 


expensive. 


164 


Punched stamping, 












ends separately and butt welding them 
to the center part which is machined 
from stock of smaller diameter. Buffer 
arm is previously assembled on small 
diameter of axle by fillet welding. Fin- 
ish machining is done on the built-up 
axle after heat-treatment, testing and 
straightening. 


\ 
‘Flash weld 





Locating... 
shoulder’ 





resistance welding. 
assembly. 


Copper brazing 





Cam and shaft assembled 
by resistance welding 


Camshaft and eam when made in one piece required 
bar stock of slightly larger diameter than the cam. also 
carburizing and grinding. 
burizing so that a straightening operation was required. 
In design shown here, the cam and shaft are assembled by 


Cam is made from S.A.E. 1040 stock. 





After heat treatment and 
before ge ax/e 

is tested under load Sufficient 
to produce permanent set, 


then straightened and machined 





Ё 
* 





: 
7 s 
Before Resistance ‘Complete Welded 
Welding Assembly 

Small wheels and pulleys can be ` 
designed by combining two similar 
stampings in a resistance welding oper. | 
ation. Little machining is required. d 


















Two-piece design 











Pieces often warped during car- 







Cam points are Tocco hardened after 
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Redesigns for Rapid Welding 


Terminal bushings 
torch brazed 


PREVIOUS COMPRESSOR 


Improved resistance welding 
techniques at Westinghouse Electric & 
Mfg. Company have speeded production 
in assembling domestic refrigerator 
compressors. Cooling fins were previ- 
ously formed as separate parts from 
sheet steel and then spot welded to the 
dome, as shown left. Present method 
is to roll steel strip into an unequal- 
angle section and then wind the formed 


New Method 


April, 1941 








Terminal bushings 
projection welded 







Fins auto- /n coil 
matically as formed 
welded -to dome on special 


machine 





REDESIGNED COMPRESSOR 


strip into a helical coil of fins. Special 
strip forming and winding machine au- 
tomatically cuts off coil at correct 
length. Fin coil is then slid over the 
dome and welded on a continuous seam 
welding machine; once started, welding 
is automatic. Fin helix and finished 
compressor are shown to the right. 
Seam welding also provides a better 
bond for heat transfer. 


Fillet for brazing 








Fillet for projection 
weld 





Designs for speedier production 


Brass strip-. 


~ 


Clamping 
Insulation, OPN, 


o УЫ ЫЫ ЫЫЫ, OX O 


OOOO OOOO ID XN 


\ Soft 


“Stranded wire solder 


Old Design 


Brass sfrip.. 
Insulation. 


SS ES 
Spot welded 
Joint 


MS tranded 
wire 


New Design 


Spot welding replaces soldered joints 
and brazing in the manufacturing of 
shunts at Westinghouse Electric & Mfg. 
Company. The process consists essen- 
tially of welding by means of molybde- 
num tips while a stream of water plays 
on the stranded wire to prevent burning. 
No flux is necessary. Production is 
faster and flux and solder are elimi- 
nated in this improved design. 


Projection welding of terminal 
bushing in Westinghouse refrigerator 
compressor eliminated difficult and un- 
satisfactory  torch-brazing operation. 
The bushing, a screw machine product, 
was redesigned with a conical fillet to 
provide contact with edges of oversized 
punched hole in dome, as required for 
projection welding. As current and 
pressure are applied, molten metal flows 
into clearances, making a strong, fluid- 
tight joint. Shape and dimensions of 
fillet are important in projection weld- 
ing of bushings. 


PULSATION WELDING, with fully syn- 
chronous electronic control, is advan- 
tageous in resistance welding zinc-alloy 
die-castings. With the low melting 
point metals, better heat distribution 
and cooling with longer life of elec- 
trodes are obtained without overheating. 
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Flame Hardening Data Courtesy Air Reduction Sales Company and The Linde Air Products Co. 


RELATION BETWEEN BRINELL HARDNESS AND CARBON CONTENT 


SLOWLY COOLED AND WATER QUENCHED STEEL 


COMPOSITION 


Manganese 0.40 
Phosphorous 0.02 
Sulphur 0.02 


Silicon 


Brinell Hardness 








Flame Hardening Specifications 


Material—Cast iron, malleable iron 
and any alloy steels other than tool 
steels, with carbon content equal to 
S.A.E. 1040 or higher, depending on 
hardness desired. 

Preparation—In order to assure free- 
dom from surface cracking, the steel 
should be stress-relieved by annealing 
or normalizing before flame hardening. 

Hardness Obtained—Surface hard- 
ness of the case will depend on the 
carbon content of the steel, as shown 
by the accompanying curves. 

Depth of Hardness—Hardness varies 
with depth below the surface as shown 
by the curves. 

Precautions — Avoid overheating, 
which is one of the prime causes of 
surface checking and cracks. 


Reference literature—‘Flame Hard- 


ening by the Oxy-Acetylene Process,” 


published by the International Acety- 
lene Association, 30 East 42nd Street, 


New York, N. Y. Price 20 cents. 
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DEPTH - HARDNESS CURVES OF FLAME HARDENED S.A.E.4140 ANNEALED STEEL 
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Depth Below Surface, Inches 
HARDNESS FROM SURFACE TO CORE OF FLAME HARDENED S.A.E.1045 STEEL 


“Surface Hardening and Hard Surfacing” — С.Е. ps Quigg, 
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Designs for speedier production 


+ 
Flame Cutting Data Courtesy Air Reduction Sales Company and The Linde Air Products Company 


Scope and Limitations 


Thickness that can be cut—Any commercial thick. 
ness of steel plate and slabs up to about 12 in. thick. 

Contours—Straight lines, circles or any irregular 
shapes provided inside radii are not less than ¥ in. 
can be flame cut by machines. 


i Width of kerf, or metal removed, varies with thick- 

© ness of plate as follows: 

! Thickness of plate Approx. width 
(inches) of kerf (inches) 
14—3$ Ye 

; 15—92 32 

| 2—6 % 

= 6—9 To 

9—12 14 


ES 


Effects of Flame Cutting 


Steel containing less than 0.35 carbon can be cut 
without taking any special precautions. In general, 
; steels that are satisfactory for fusion welding can be 
4 flame cut without causing any difficulties. Higher 
carbon steel will have a thin layer of hard steel 
formed on the flame cut surface. Preheating or reheat- 
ing after flame cutting will prevent or eliminate the 
hardened surface. 

Identical parts can be produced most economically 
$ by stack cutting or multiple cutting. 

Cutting speed—Approximate cutting speeds range 
from 2 ft. per min. for sheets up to }% in. thick, 
to 21 in. per min. for 1% in. thickness, 16 in. per min. 
for 1 in. thickness, 12 in. per min. for 2 in. thickness, 
to 3 in. per min. for 12 in. thickness. 

Tolerances—Squareness of cut can be held to æ in. 
for plates 6 in. thickness. This will be affected greatly 
by size of tip, gas pressure used, and other factors. 

Reference literature—For a detailed discussion 
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and data see Chapter 16, W elding Handbook—1938, This 3-ton pitman was machine flame cut in a cu:ting time of approxi- 
published by the American Welding Society, 29 West mately 3 hr. The pitman is 13 in. thick, 60 in. long, and 38 in. wide. 
39th Street, New York, N. Y. Templet used to guide the tracing wheel is shown 


lg Bet ЙН or un ae ire 





Use. of a guide track for the tracing wheel of the Sections of these journal rest frames, for a roll-grinding machine, were 
cutting machine permits fast and accurate cutting cut to shape by an oxy-acetylene cutting machine 
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Welded — Flame 


Fifty Percent Cost 


Reduction Through 
Redesign 


To accomplish savings in machining 
time on the G. & W. Electric Specialty 
Company tank, engineers utilized bar 
stock and welding. Previously, top and 
connection faces were bored and milled 


to furnish a flat surface for gaskets; 
large areas had to be machined in a 


horizontal milling machine. In the new 


design mild-steel bar stock welded as 
shown forms the top flange and the 
connecting plates on the sides. Open- 
ings are flame cut within 1/32 in. Top 
flange joints are welded. Only machin- 
ing operation performed on the top sur- 
face is the grinding of the weld to a 
flat. Final cost of the new box is 50 
percent of the cost of the original 
design. 


In this underground junction box 
for a 600 volt main-power line, original 
design was for cast aluminum using 
No. 43 alloy, 95 percent aluminum, 5 
percent silicon. The walls were 1/4 to 
5/16 in. thick to insure no porosity. In 
production, blow holes or other casting 
defects sometimes appeared, requiring 
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Cut — Ground 


Gasket surfaces 
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( 
Grind flat 
after welding 


_Openings are flame cut 
to within 432 in. 


—--Bar stock 


Flame cuf 
hole in sheet 


Bar stock--4> 
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patching by pre-heating and filling in. 
This was laborious and costly. Since 
specifications called for a non-magnetic 
and corrosion-resistant material, stain- 
less steel, 18-8, of welded construction 
was adopted. The welding rod is stabil- 
ized with columbium. Stainless plate is 
1/8 in. thick. The final design weighs 
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about the same as the previous design. 
but final cost is about 10 percent less. 
Machining time is reduced, rejects 
caused by porosity are eliminated, and 
any leaks that might appear can be 
easily repaired by welding. No pat 
terns were needed. This design is by 
G. & W. Electric Specialty Company. 
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Designs for speedier production 


Lowered Cost, Increased Production 


Built-Up, Welded and 
Flame-Hardened Parts for 
Heavy-Duty Tractors 


Formerly cast, Cleveland tractor 
drive sprockets are now built-up from 
S.A.E. 1045 disks and rings, notched, 
riveted. hobbed and flame-hardened. 
Each sprocket consists of a formed disk 
to which two rings are riveted to serve 
as the rim. The disks are purchased in 
the form of hot-rolled circular blanks 
which are perforated and formed, after 
which they are notched. Notching die is 
interchangeable for rings and disks, 
which saves costs and reduces errors. 
Production of 60 pieces per hour is 
feasible. Eight sprocket assemblies in 
one set-up require 2 hours for hobbing. 
Sixteen sprockets are flame-hardened 
simultaneously. They аге tightly 
clamped on an arbor to eliminate space 
between teeth which would cause un- 
even hardening. Head, designed to fit 
over tooth contour, moves along work 
at 7 in. per min. to give depth of hard- 
ness penetration from 1/8 to 3/16 in. 
and hardness of 70 scleroscope. 


Savings in material eost, better 
physical, machining and hardening 
properties were obtained in this built-up 
bull gear for Cleveland tractors, by de- 
signing the assembly so that the ring 
gear, finish-machined and heated to 
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‘Steel ring 





Flame -harden tooth faces 
8 70 "deep 














Heat ring gear for hardening 
assemble on hub and quench 
tooth hardness scleroscope 70+ 


Pin-peen 
over both 


~Cast iron .-^ 
hub ==“ 


Steel ring’ 
shrunk on hub 





425 deg. F., is shrunk onto the cast iron 
hub. Ring gear is a bar of S.A.E. 
Y-1340, rolled up, butt welded, and the 
teeth machined. After assembly the 
teeth are flame hardened to 70 sclero- 
scope. 


Section A-A 


„-42°. 
к» =” 


I" D^ 
ГА 
>te § drill 
Rivet Hole 





۵ 2 

577 li 2R 

ğ4 drill, 2 holes 
In line 





Brake forming of this Cleveland 
tractor front wheel fork eliminated die 
costs and forging operations, thus 


speeding production. For equal strength, 
half again as much material, S.A.E. 
1020 hot-rolled steel, is required for the 
formed part. But its cost is less, the 
finished forging costing 10 cents per 
pound, whereas the formed part costs 
only 34% cents per pound. 
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DESIGNS FOR SPEEDIER PRODUCTION 


BRAZED ASSEMBLIES 





1. Speeds assembly 


2. Minimizes machining time 
The designs shown on the following pages 3. Economizes on material 
demonstrate how brazing . . . . . . . . . . . 
f е 1. Reduces weight 


5. Produces dimensionally 


accurate parts 
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CONTROLLED ATMOSPHERE BRAZING 


Used for brazing assemblies of steel pieces, controlled atmosphere copper brazing has the added s 

advantage that the brazed parts come out of the furnace bright and shiny, the reducing f 

atmosphere deoxidizing the surfaces. 

GENERAL RULES FOR THE DESIGN OF PARTS TO BE FURNACE BRAZED i 

1. FITS. Light pressed fits that will hold the pieces in position as assembled are best. T 
2 

2. FLOW OF BRAZING COPPER. Copper brazing has been known to flow vertically upwards ? 


as much as 13 in. against the force of gravity. Excessive clearance, more than 0.005 in. will 






prevent flowing of the brazing alloy. 







STRENGTH OF COPPER BRAZED JOINTS 









| Shear Strength in lb. per sq. in. 





















Material Clearance | Tight 

0.003 in. Press Fit 
Mild Steel........... 22,000 29.000 
Alloy BS cuentas 30,000 . 50,000 





LM; 







For further details on furnace brazing see Propuct ENGINEERING, Dec. 1936, p. 
April 1939, p. 166; August 1939, p. 341. 
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Outstanding Brazed Constructions 





0242” 
0243" 


dia. ream | 
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Pipe nipple copper brazed to punched Cowl ventilator control lever for Studebaker cars is a brazed assembly 
flange gives an economical and efficient assem- of a threaded collar, cold-rolled steel forged and machined handle and a 
bly with the nipple threads continuing to the punched retainer disk. This unit would cost many times more if it were 
surface of the flange. Brazing leaves a fillet made as an upset forging and machined. The disk is a light press fit on the 
radius of only a few hundredths of an inch. handle, to hold during brazing. 


LY 


V3 
5 ii ЭИ a 0 132 ı~ dia. punch- 
$ F : 4 holes 





P "ce е 4 = 
Top 75-8 USL at assembly’ 
with-/9/046 








R tik dia. punch- 
2 holes 


CL. crankshaft --»| 


- Spo? we/d and _ 
. copper braze 








Tap $-/8 ^C 2af assembly! 
Pie with -191046 





Engine front support brackets—welded design above, labor and the parts come out of the furnace bright. The addi- 
. brazed design below. Note the spot welds on the brazed unit tion of the “ears” in the brazed design makes it stronger. 
и; to hold together the surfaces to be brazed. Welding required 


that the weld spatter be cleaned off. Brazing requires less iat 
(Continued on next page) 
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Outstanding Brazed Constructions (Continued) 


Shift lever made by Studebaker as a 
brazed assembly of two stampings and 
a bushing. Parts are tight press fits 


47% I> Copper braze lever and fork 
w. | securely fo bushing in relation 


~as shown 


/ 


Assemble with 22 dia. 
А 


chamfer af 60 


‘his - 


side as shown 


Must be parallel ~ g 795 
and square with zk = - 
axis of hole > 


assembled in a fixture, copper wires are 
put in place and the unit then conveyed 
through the brazing furnace. Parts 


Spiral Pressure Brazed Tubing 


Constant end pressure is applied 
to spiralled strip, as the edges are 
brazed to form continuous tubing in a 
hydrogen atmosphere high-frequency 
induction furnace. Because the heating 
and cooling cycle is short, decarburiza- 
tion is avoided even in high-carbon 
steels. Rapid heating of the tubing in 
the brazing operation also prevents 
harmful grain growth. 

Spiral pressure brazed tubing as de- 
veloped by the AGA Metal Tube Com- 
pany can be formed from cold rolled 
strip S.A.E. 1010 low carbon, high car- 
bon, chrome molybdenum S.A.E. 4130X 
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and the 4150 steels, as well as Monel. 

The tubing is produced in tempers 
ranging from hard drawn, half hard, 
quarter hard and dead soft to make 
available properties as required in fabri- 
cating operations such as machining, 
bending, coiling, forming, fianging and 
cold drawing. The tubing is as strong 
as the parent metal. Annealed tubing 
made from S.A.E. 1010 low-carbon steel 
has a yield point of 27,000 to 30,000 1b. 
per sq. in., a tensile strength of 47,000 
to 50,000 lb. per sq. in., an elongation 
in 2 in. of 38 to 42 percent, and a re- 
duction in area of 60 to 68 percent. 


come out bright and clean. As indi- 
cated, dimensions are held to within 
0.01 in. without machining. 


Maximum Working  Pressures 
for Spiral Pressure Brazed 
Tubing 


HYDRAULIC 
PRESSURE 
LB. PER SQ. IN. 


6,000 
4,400 
5,500 


WALL 
OUTSIDE THICKNESS 
DIA., IN. IN. 


1 0.022 
3/16 0.022 
3/16 0.028 
14 0.028 4,200 
14 0.032 4,700 


5/16 0.028 3,500 
5/16 0.032 3,800 
5/16 0.035 4,200 

0.042 5,000 


0.028 2,900 
0.032 3,300 
0.035 3,750 
0.042 4,150 


0.032 2,800 
0.035 2,700 
0.035 2,250 


Hard drawn S.A.E. 1010 low-carbon 
spiral brazed tubing has a tensile 
strength of 80,000 to 85,000 lb. per sq. 
in., and is recommended for straight 
parts requiring strength and machining 
qualities. 

Spiral pressure brazed tubing is avail- 
able in lengths up to 40 ft. in sizes 
ranging from %4 to % in. O.D. Wall 
thickness ranges from 0.010 to 0.049 in. 
in the smaller sizes, and from 0.020 to 
0.042 in. in the larger sizes. Tolerances 
аге + 0.002 in. Since the tubing is 
drawn over a mandrel the wall thick- 
ness is uniform and the interior smooth. 
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Stampings and Castings Brazed 


Smaller size tanks for Johnson out- 
board motors are two aluminum stamp- 





ings brazed together. P.E., page 176, Formed 
April 1940. Larger capacity tanks serve aluminum 


also as a motor shroud, requiring a Sheet 


bottom part too deep to be made as a 
stamping and hence made as a perma- 
nent mold aluminum casting. 

Assembly is in two brazing opera- 
tions. First, all fittings for stamped 
upper part are staked in place, the 
sheet is fluxed, brazing wires are put in 
place and the part then put through the 
brazing furnace. After that the cover- 
plate brazed assembly is placed on the 
permanent mold casting, the surfaces 
are fluxed, brazing wire is placed as 
indicated in the drawing and the 
assembly is put through the brazing 
furnace. For the second brazing oper- 
ation the brazing wire used melts at a 
temperature lower than the melting 
temperature of the wire used in the 
first brazing. 

The alloy for the permanent mold 
casting must be held to a close analy- 
sis—5 percent silicon, balance alumi- 
num. This gives the highest possible 
melting temperature for cast aluminum. 





n 


mold casting 


(aluminum ) 
(de 





Stake to hold in 
tank during weld-_.-- 
ing operation —--~ 





Furnace Brazing Characteristics of Aluminum Alloys 

































WROUGHT ALLOYS CASTING ALLOYS 
ў NON-HEAT-TREATABLE HEAT-TREATABLE NON-HEAT-TREATABLE ERR 
— 28 | 3S | 528 | 535 | 615 |Alco.17SjAleo.24S| 43 | 214 | B214 | 406 | 356 
1. Brazability lowest: Good | Good | Poor | “Fair Good Poor | Poor Fair : Poor. Poar- Good И. Poor 
2. Filler material. . .... | | e [.. |Xne|X09| ... | .— | ee. AMT 
К... г жр] жга MILLIA 
4. Brazing temperature | 1160 | 1160 | .. | 1065 | 1065 <i | aw | See bP ee A RA. 
N 1185 | 1185 | | 1090 1090 ax | MEN S p 2 





Nores: Thickness range for alloys listed is 0.006 to 14 in. For examples of typical brazed joints see P.E., April 1940, p. 176. 
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Brazed Parts 





FORMER DESIGN 


In former design. thrust collar was 
machined from a 64 S.A.E. bronze cast- 
ing and then split across the bolt lugs. 
The total weight of the bronze collar 
casting was 1.77 lb. In the new design 


Original Support 
Zinc-alloy die-casting 


Rocker arm support for tractor 
engines of Allis-Chalmers Manu factur- 
ing Company was originally designed 
as a zinc alloy die-casting. In service, 
the effects of time, load and tempera- 
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Replace Castings 


Screw 


machine 
part 
Stamped @ 


collar ` # 





Insert bearing 


Reinforcing 
tube formed out 
of strip stock 


No.64 SAE 


bronze 


REDESIGN 


of thrust collars for Twin Disc clutches, 
tubes, stampings and screw machine 
parts are assembled by hydrogen braz- 
ing. Total weight of bronze in the new 
thrust collars is 45 oz. each—a 


Redesigned Support 
Stamped and Brazed 


ture caused the supports to lose their 
strength in compression. The part was 
then redesigned as a furnace-brazed 
support, shown at right. Three stamp- 


ings are assembled by spot-welding. 


saving of 1.5 lb. per unit. The design 
was a joint development of Fred Adam- 
son, chief engineer of Twin Disc, and 
the engineers of Toledo Stamping and 
Manufacturing Company. 


After applying brazing wire to the 
welded unit, it is passed through a con- 
trolled-atmosphere electric brazing fur- 
nace. Analysis showed cost to be 15 
percent below that for die-casting. 
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Brazing Simplifies Condenser 


New plate type condenser for 
Westinghouse domestic refrigerator 
unit is much simpler to fabricate by 
furnace brazing than is the former tube 
and fin type condenser. For the new 
design, a steel tube 25 ft. 8 in. long is 
first shaped to a grid form with hair-pin 
bends in a flat plane. The formed tube 
is then placed on a flat steel backing 
plate and fastened in place under 
tongue snaps stamped in the plate. Cop- 
per brazing wire is then placed along- 
side the condenser tube where it makes 
contact with the plate. In the next 
operation the tube and plate assembly, 
carried on a conveyor, are brazed in a 
furnace. After brazing the rupture 
strength of the bond exceeds 8,000 Ib. 
per sq. in. The brazed plate and tube 
unit is then formed into a shallow 
channel shaped panel. 

This type of construction provides a 
homogeneous bond for heat transfer. 
A regulated distribution of the refriger- 
ant is also obtained with a consequent 
control of the temperature at all zones 
in the condenser. The result is an ab- 
sence of hot and cold areas in the con- 
denser during operation. The straight 
legs in the tube of the assembled unit 
are inclined slightly from the horizon- 
tal, to obtain gravity drainage of the 
condensate and to prevent trapping of 
the liquid. 
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Tubes held in place 
by tongues iù steel plate 


AX 









Redesigned plate 
condenser 
assembled 

in unit 







* — S 
Stee/ tube 308 rn. Ec 
Jong, furnace- 
brazed to steel plate 
(slight slope permits Condenser plate 
drainage of coolant) formed after brazing 





Previous domestie refrigerator 
condenser was a complicated and ex- 
pensive construction with the condenser 
tube fitted into notched fins. In this de- 
sign were incorporated a hanger stirrup 
and parts of stamped and formed sheets 
for attachment to other units. In earlier 
designs, plate condensers were made 
by resistance welding two sheets to- 
gether, with a condensing space be- 
tween. These designs, however, had the 
disadvantage of greater hazard from 
dirt, leaks and uncertain strength. 





ELECTRIC FURNACE BRAZING can be 
used to improve the quality and to 
reduce the costs of many non-ferrous 
parts. To obtain effective results, it is 
important to consider the fusibility be- 
tween the metals joined and the braz- 
ing alloy when selecting the brazing 
alloy and in determining the operating 
temperature. 
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Furnace Brazing Facilitates Assembly 


Furnace brazing as a method for 
assembling a stamped aluminum venti- 


lating fan and a machined hub, speeds 
up production of Black & Decker port- 


able electric tools. The same die that 
formerly stamped a steel fan is used to 
stamp the aluminum alloy fan. Die life 
is longer on aluminum parts. Hub, for- 
merly made of steel, is now made of 
aluminum thus reducing machining time 
for this part. By using aluminum braz- 
ing material in the form of a washer, a 
uniform distribution of brazing mate- 
rial at the joint is obtained, thereby 
eliminating one of the factors that 
caused unbalance with the former 
method of using a bronze brazing ma- 
terial to form the bond between the hub 
and fan. The light weight aluminum 
fan also reduced the balancing problem. 


Aluminum evaporator unit assem- 
bly is simplified by furnace brazing, 
with consequent speeding up of produc- 
tion and reduction in costs. Aluminum 
tubing and extruded molding are brazed 
to an aluminum shell to make a one 
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piece unit. Tubing and molding are first 
brazed to flat sheet which is then bent 
to the shape of evaporator. The neat 
joint between the tubing and shell, on 
the exterior wall of the evaporator unit 
adds to the appearance value. 


Silver brazing alloys make possible 
rapid, economical production of parts 
formerly cast and machined. Heater 
valve body made of two pieces of copper 
tubing with 20 B.&S. gage walls, a brass 
bridge piece, a steel stamping and a 
stainless steel valve seat. Parts are 
assembled, aligned and fluxed, then 
rings of Easy-Flo silver brazing alloy 
wire are placed around joints, after 
which the assembly is furnace-brazed in 
one operation. Medium silver content 
brazing alloy flows freely at 1,175 deg. 
F. In addition to eliminating casting 
and machining operations, dissimilar 
metals copper, brass, steel and stainless 
steel are permanently bonded together 
with leak-tight joints. 
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Diagrammatic illustration of a 
part originally made as a single forging. 
Surfaces had to be machined in order 





to obtain a sharp, square corner, as 
indicated. In redesign, the part was 
made in two pieces, a forging and a 


stamping, and the two pieces furnace 
brazed. All machining operations were 
eliminated with the brazed design. 





Irregular shapes of uniform cross- 
section can be made economically by 
punching out laminations, stacking 
them and brazing in a furnace. Made 
of copper-coated sheet steel, the copper 
coating serves as the brazing metal. 
This construction was developed at 
Westinghouse originally for making 
stripper plates for punches and dies. 


Electric furnace 





88 
а 
те 
еп 
оу 
ег 
їп 
nt B An assembly of pins in a steel plate 
2g. was formerly made by Westinghouse 
ng Electric & Mfg. Company with a silver 
lar solder joint. The electric furnace braz- 
88 ing method now used increases the 
ег strength and also makes a substantial 


cost reduction. 
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In assembling tubes to the header 
sheet, the old practice was to drill, ream 
and groove tube holes in steel tube 
heads 114 in. thick, insert the tube end 
and roll the joint leak tight. In York 
Ice Machinery Corporation's new de- 
sign, to make possible the use of rela- 
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Brazed Assemblies of Proved Economy 


forging and stamping 
i d. by furnace 
brazing 
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Redesign 


tively thin deoxidized copper sheet for 
the tube head, the copper finned tubes 
are silver soldered to the copper tube 
head, making a strong bond. With this 
design, copper tube head is only 14 in. 
thick, saving much material; man-hours 
required were reduced 20 percent. 





Furnace Brazing Data 


Brazing Metat—For steel parts, cop- 
per or brass in the form of wire, paste 
or powder. For inaccessible surfaces, 
use copper-coated steel or make a spray 
consisting of copper or brass powder 
mixed with lacquer, and thin. This mix- 
ture is sprayed or brushed on the sur- 
faces to be brazed. 


For aluminum, a special flux and 
brazing metal is required. For in- 
accessible places, the aluminum sheet 
can be obtained with the brazing mate- 
rial rolled in along the edges. 


FURNACE TEMPERATURE—For brass wire 
or powder, 1,740 to 2,000 deg. F.; for 
copper brazing, about 2,100 deg. F. 
Furnace temperature can be anything 
reasonably higher that will not be detri- 
mental to the parts. 





FURNACE ATMOSPHERE—Percent com- 
position CO.—5.6; H,—11.9; CO— 
10.3; CH,—0.2; N,—72.0. No oxygen. 


Heating for annealing or hardening 
can be simultaneous with the furnace 
brazing. All heating operations subse- 
quent to the furnace brazing must be at 
temperatures below those given above, 
that is, below the melting temperatures 
of the brazing metal used. 


Fir or Part—Light press fits are de- 
sirable. Tight fits increase the flow 
of the brazing material into the joint, 
the tighter the joint the farther the 
molten metal will flow. Void spots or 


gaps are difficult to seal because clear- 
ance is too great to permit capillary 
attraction drawing the molten metal 
into the joints. 
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DESIGNS FOR SPEEDIER PRODUCTION 


FORMED PARTS 


ECONOMICAL PRODUCTION FEATURES OF FORMED PARTS 
Sand Castings 


Complex shapes might be split into components of simple castings or simple castings can be 
combined with forgings or structural steel parts—the components being assembled by fusion 


or resistance welding. 


Permanent Moid Castings 


Mostly confined to aluminum, zinc, brass and low melting alloys, sometimes cast iron. Chang. 
ing from sand castings to permanent mold castings often, with judicious designing, eliminates 


much machining because casting tolerances are small. 
Die Casting 


Usually zinc, aluminum, brass, bronze, or magnesium. Little machining required. Cast-in in- 


serts save assembly time and fastenings. 
Centrifugal Castings 


Practically all metals, most commonly cast iron and aluminum bronzes. Featured by extremely 


dense metal and small allowances for finishing because casting tolerances are small. 
Forgings 


Die costs can often be greatly reduced by making simple parts to be joined by welding, instead 
of a single complicated forging. Dimensions can be made closer than the commercial toler- 
ances given on page 190 by the addition of coining operations. 


Powdered Metal Pressings 


Aluminum, cast iron, bronze. Other metals still in experimental stage. Featured by controllable 
density or porosity, highest dimensional accuracy, smoothest surface finish with strength as high 


as 80 per cent of that of the virgin solid metal. 
Stampings 


Brazed or welded assemblies of stampings and stampings with screw machine parts, castings, 


or forgings offer many possibilities. 
Metal Spinnings 


An all too-little used method of metal forming, the possible economies of which have been 
greatly extended by brazing and welding. 


PRODUCT ENGINEERING 












Designs for speedier production 


Sand Castings Permanent Mold Casting 


For detailed design data including 
shrinkage allowances, machined finish 
allowances, dimensional tolerances, 
draft angles and minimum section thick- 
nesses for steel, iron and non-ferrous 
castings, see Cast Metals Handbook, 
American Foundrymen’s Association, 
299 West Adams Street, Chicago, Ill. 


SIZE LIMITATIONS 
Largest permanent mold casting produced, 20x16x34 in., weighing more than 
100 pounds. 
Smallest permanent mold casting produced weighed less than one ounce. 
MINIMUM TOLERANCE, ALL DIMENSIONS 
UNIES DR. e o cascada ERNS T +0.010 in. 
СИЕ ИИИ г eo dnas uit wreck nd arn EE E RÉ add 0.001 in. per in. of length 


UNDERCUTS 


Omit wherever possible, but if unavoidable they can be produced through 







ST 


Centrifugal Casting 


MATERIALS SUITABLE 


Aluminum, bronze, monel, beryllium 
copper, iron, steels of various grades, 
stainless steel, copper and other non- 
ferrous materials. 


SHAPES 


Any combinations of cylindrical shapes 
such as wheels, gears, screw-down nuts, 


use of collapsible metal core or, if impractical, by use of baked sand core. 


SON DIENEN. MN... rQeqe ua ee Trac ReVERe T dsesCausSE«RTEMAS 0.085 in. 
Cun HUM НИНИН ДИНИМ: 6 6. ee nésenesecvocesdecocs uns rdUMS 0.25 in. 
DEM ANNE NENNEN Li eieekeceskan dé uddesecuecsee»stexsédes 0.5 deg. per side 
INserts—Steel or cast iron inserts practical 

Cast THreaps—Not practical 





Aluminum Die Casting 





SIZE LIMITATIONS 


: : Mp Maximum practical overall dimensions......................... 36x12x9 in. 
bushings with tapers and parts with (Few aluminum die castings exceed 25 in. in length) 
varying diameters. Largest produced—in slSe..............ceec.cseecse 84x12x1 in. (14 Ib.) 
i MAXIMUM SIZE (Die-cast dog used as trade mark on Greyhound buses) 
” Screw-down nuts, weighing approxi- By weight бое ео өөө өне 19 Ib. (12x19x20 in.) 


mately 3.600 lb. each, for a new con- 
tinuous-type steel mill, have been cen- 


(Die-cast cases for Leeds and Northrup instruments) 
SECTION THICKNESS 


trifugally cast. КАШ АЛЛА MARINER ic cis a cnacancaccdccasecuncecusees 0.085 to 0.10 in. 
Small castings less than 6 in. length or width............. 0.050 to 0.065 in. 


FINISH ALLOWANCES 


0.D. I.D. 


Outside Dia. Allowance Allowance 


Avoid abrupt changes in wall thickness 
DIMENSIONAL TOLERANCES 


|- б tn os hom... 4 in. М іп. In any one dimension.. ИС +0.0015 in. per in. 
8 as AM be i/ ; PE (Frequently less by trial and error) 
4 2 eee 4 1n. g n. . . . . . 
fs 6 ih E la i^ in Perpendicular to parting line—large castings........... —0.00 to +0.010 in. 
@ ww in... 36 in м n. small castings........... —0.00 to +0.003 in. 
bes M i... V, in. 14 in. Between points formed by removable part and die, tolerances are the same as 


Ford casting of both bevel and cluster 
gear blanks allows only 3 to vs in. 
stock for machining. 


WALL THICKNESS 


sand castings in small quantities. How- 
ever as quantity increases to 20 or 


those across parting line. 


CoRED HOLES 
Minimum diameter of cored holes........................ 0.090 in. approx. 
Length limit for through holes and blind holes: 


Ка | з Diameter Length Limit Diameter Length Limit 

—— — a— € Me. Under s in. 3 diameters Over  !5 in. 10 diameters 
RELATIVE COST To 15 іп. 6 diameters Larger holes No limit 

More costly in small quantities than Tolerances on through holes—small holes........................ 0.001 in. 


Closer tolerances on through holes must be obtained by reaming, the hole 
being cast 0.005 to 0.010 in. undersize 


id more, the cost is little if any more Cores for internal threads— preferable to use threaded insert 
i because of the material required for DRAFT ALLOWANCES 
m extra gates and risers in sand castings. Ол: ЖАШЫ. cca ck Sao CSc E a 0.010 in./in. 
Centrifugal mold cost is only about 15 TOE OOS O EO O EDs csv e 0.008 in./in. 
percent that of a comparable forging Internal cores, in general, as in table below: 
die. Generally the cost of a permanent : 
metal die for centrifugal casting can be Approx. diameter of hole Amount of Draft. 
justified by as few as 10 or 12 pieces Less Шап % in........ 0.015-0.020 in. on dia. 
although customarily such a die is not $ to 1 in............. 0.010-0.015 in. on dia. 
made for fewer than 25 or 30 pieces. More than 1 in........ 0.010-0.030 in. on dia. : 
ble : (depending on size and design) 
TYPICAL EXAMPLES If no draft is permissible ream or, unless hole is shallow, use insert. 
igh The bushings for Hamilton Standard Small holes for tapping usually cast to root diameter of thread plus 15 
К уеге ge پو‎ sand cast of percent with standard draft added 
eryllium copper with scrap runnin T 
as high as 30 percent. Ке Inserts . “Ls : 
mold castings did not prove feasible. If strained, 2 be — 2 quen T eyes - 
Scrap has been almost eliminated by Small pins, if subject to pull, shou e both knurled and grooved. 
use of aluminum bronze centrifugal FILLETS 
castings of tapered hollow bushings. Avoid sharp corners if possible. 
195, = another case several hundred FINISHES ч Е 
in TD rings, about 45 in. O.D.. and 20 Alumilite finish best on Alloy 218. Colored alumilite best in darker shades. 
E ). anc 3 in. thick, originally speci- May be plated with common plating metals if desired. 
ned as forgings were found to have sat- UNS T à 
isfactory physical properties when cen- DESIGN то Am E in ill be i lel 4 i 
trifugally cast. Die costs would have Design part so that flashes will be in or parallel to main parting plane. 
een high for the comparatively few Cast THREADS 
forgings required. Another gain was Internal threads—best to cast threaded insert 
een ss time required to get delivery. External threads—can be cast and need only light chasing to finish 


RING 
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Stampings in Place of Castings 


A thin-walled Tube 
and two pressed caps 
replaced this cast end 
сар, 


pe SEY, 
г N ) 


PPO PTOI 


Ee 
m. E 


E 


ANANA SY 





mis e: 


Changing 7o sealed =” 

ball bearings elim- : 
inated this cast seal-cap 
and the light capscrews 
used to hold it 


Sealed bearing 
at each End <. 


Friction fit- 2 
no bolts ---- H __ CA 


ї ES 


ASEE 


LR 


AA 
labyrinth 


Ss 
eliminated 
by using 
sealed (3 


E 


WINY 


MS. 


Д. SSS Nis YS 


Self sealed 

ball bearings 
eliminate 

need for Separate 
grease seals 


Three stampings, a piece of light- 
wall tubing, a snap ring, and the use of 
self-sealed ball bearings, eliminated 
four castings and 16 cap bolts with all 
the machining that those parts re- 
quired. New design also greatly sim- 
plifies inspection and servicing of this 
Allis-Chalmers — Vari-Pitch speed 
changer. Note that the two cups are 
made on the same die. The bottom of 
the one cup is then punched to give the 
opening for the shaft while the other 
cup has a hole punched in the bottom 
and “flued” to provide the flange for 


holding the tube. Caps are interchange- 


able, either end of shaft can be exposed 
to permit mounting a sheave. 
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à CM 
Eie XE 
XS 


М = 


Centrifugal Castings 


Stainless steel separator parts, form- 
erly made from forgings, are now 
centrifugally cast. With centrifugal 
casting a fine grain structure is ob- 
tained in 18-8 stainless steel. Castings 
can be machined readily. 

Cast or forged Inconel (80 nickel— 
12 chrome iron) has been found to 
give long life for molds for centrifugal 
castings. Two important factors to be 
considered in centrifugal casting are 
the expansion and the heat checking of 
the molds. In one instance more than 
900 parts were cast before the Inconel 
molds heat checked. 


M = 
> 22 


,Cast labyrinth 
/ seal hel “by 8 
capscrews 


[ЇЇ les 


ALA 


А Еа Gor 


==Accurate machining 
required fo locate 
the bearing axially 


FORMER DESIGN 


pw tion fit-no bolts 


Same die as for cap 


Ju" on ofher end 


Friction f7?-no bolts 


\Ligh t-wall tubing 


SS snap ring locates bearing | 


u” 
~- Big 


REDESIGN 


Précision Castings 


Cleaning operations on large cast- 
ings, made by the Farrel-Birmingham 
Company using the Randupson process, 
are substantially simplified because the 
sand peels from the castings. Also the 
absence of gas forming elements in the 
mold eliminates many small gas scars 
and blemishes on the surface of the 
casting. The strength of the cement 
molds also minimizes warping of the 
casting and improves its dimensional 
accuracy generally, thereby reducing 
the amount of metal ordinarily provided 
at surfaces that are te be machined to 
a required finish. 
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Die-Castings Reduce Cost 





Aluminum alloy die-casting for cylinder block of John- 
son outboard motor has steel cylinder liners anchored in 
place when casting. Liners are inserted in die and the metal 
is cast around them. Intricate cores are used to form passages 
for cooling water and to reduce weight. As can be seen in 
the sectional view, pockets for the crankshaft bearings are 
integral with the die-casting. With this design, many machin- 
ing and assembling operations have been eliminated. The 
saving in weight was also considerable. The gas tank for 
this engine is described on page 173 of this issue. 


Worm threads 
cut on spindle- 


"e 1 
I 
Three holes in disk thus 
obtaining continuous 
metal to provide torsional 
strength of Joint 


Spindle undercut here 
for anchoring cast 
metal 


Zine alley die-casting used by Sangamo Electric Com- 
pany as a quick method of assembling small parts which are 
difficult to handle in production by other methods. The shaft 
for the damping disk of a meter formerly was held by two 
setscrews in a collar made in a screw machine, the collar 
being staked to the disk. Now the disk and spindle are 
Placed in a die and the collar is die-cast as shown in the 
illustration. Not only has production time been lowered but 
the casting die holds the shaft true. Previously, careful 
Inspection and adjustment was often required to insure a 
true running disk. 
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Air washer centrifugal spray nozzles are now made by the 





York Ice Machinery Corporation from bronze die-castings in 
place of sand castings. Production costs are not only less for 
the quantities used, but a better unit is also obtained. 


Hard Alloy Castings 





Solid castings of cobalt-chromium-tungsten alloy are more 
economical, for some punches and dies, than are hard-faced 
steel parts. Although the initial cost is high as compared to 
steel, the difference in price is more than offset by longer life. 
The greater hardness possessed by castings of these alloys 
when compared with that of the hardest standard grade of 
hard-facing alloys in the as-welded condition, is an added 
advantage. The wearing surface of solid cast parts also has 
a backing which will not mushroom under impact as might a 
steel base. Although the alloys are finished by grinding, they 
often can be cast to such close tolerances that finishing is 
not necessary, thus eliminating machining costs. 





181 





Designs for speedier production 


Automotive Steel Castings 


Reductions in unit cost, stemming from 
savings in foundry and forging opera- 
tions, in machining, and in assembly 
costs and labor, have been accomplished 
by Ford engineers through extensive use 
of steel castings for heavily-stressed 
parts. Green sand and dry sand casting, 
and centrifugal casting are used, each 
chosen for specific reasons based on 
wide experimentation with new steel 
analyses and their adaptability to cast- 
ing procedure. Ford engineers have 
found that for certain parts, steel cast- 
ings show definite advantages in better 
service life, reduction in weight, and 
faster, easier production. By utilizing 
castings made to close tolerances, mate- 
rial has been saved, machining time re- 
duced, and forging machinery and die- 
makers released to concentrate on those 
parts such as connecting rods, and 
axles where design requirements dictate 
forgings. Seven representative types of 
casting steels used in the Ford plant 
are listed in the table on the next page. 


Weak metal 
machined out 


Dense metal 


Finished 
dimensions 


CENTRIFUGAL CASTING 


Finish ed 
dimensions 


FORGING 


Etched sections show crystal struc- 
ture in centrifugal casting runs per- 
pendicular to line of action of forces on 
gear teeth. In the forged gear, weakness 
is found where flow lines run parallel 
and near the base of gear teeth. For 
discussion of the centrifugal casting 
process, see P.E. p. 242-244, July 1938, 


also p. 179, this issue. 
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Swaged 
tubular section 


Stee/ sand 
casting 


REDESIGN 


Cast steel simplifies production, 
reduces unit costs. At the top is shown 
truck rear axle housing, sand cast, re- 
placing tubular section which was 
swedged and to which two forgings were 
welded. One casting replaces three 
pieces, material was saved by varying 
wall thickness to place metal where 
needed. Lower left, rear axle end and 
spring perch, sand-cast in one piece. 
replacing two forgings butt-welded. 
Lower right, truck drive shaft universal 
end sand casting, replacing forging. 


Finish 
machined 


Centrifugal 
casting 
Centrifugally cast cluster gear 


showing cores, partly machined gear 
and finished gear. Dead load and im- 


Steel sand casting 


Forging 


Forging 


FORMER DESIGN 


Stee/ sand 
casting 

This sand casting in the rough weighs 
8% ]b.: rough forging weighed 10 lb. 
6 oz. Thus savings were not only made 
in material, but die costs and forging 
operations were eliminated and machin- 
ing time reduced. 


Rough 
machined 


pact tests show equal strength with 
forged gear. Comparative sections show 
better metal structure in casting. 
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Castings Replace Welded Assemblies 


Treadle as Formerly Welded 


Malleable iron or steel casting 
replaced built-up welded construction 
in this treadle for anti-aircraft guns. 


First Welded Design 


Bracket, in first designs, was a six- 
piece welded assembly, an expensive 
construction for this small part. An 
influx of orders demanded mass pro- 
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Redesigned Treadle Casting 


( Cast stee/ or malleable iron) 


Welded treadle consisted of six 


pieces and necessitated 12 short fillet 
welds. Simplicity of casting is obvious. 


This redesign is only one of many steps 
the War Department is taking to speed 
production of ordnance material. 


Redesigned Cast Bracket 


( Steel casting or malleable iron) 


duction methods, hence bracket was 
redesigned to be made as a one-piece 
casting by modern high-production 
foundry methods. Radical changes in 


bracket shape and dimensions were 
caused by redesign of other parts in 
the assembly—also for reasons of higher 
production. 
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Designs for speedier production 






Component Parts Simplify Casting 


Original Casting 
(Top View) 

















| 
| 
| 
| 
| 


27 ем showing how 
casting was redesigned 
in three parts. Third 
part not shown, /s 
simple ribbed tube 






ge RE ER Ыл 


Original Casting 
Front View 





. plified production of aluminum-bronze 
casting for the elevating gear of a gun 
и carriage. Originally designed as one 
casting over 3 ft. long, its shape made 
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Three castings instead of one sim- 


foundry work expensive and too slow, 
and the odd angles of the flanges made 
machining difficult. Army designers 
speeded production of the case simply 
by casting it in three flanged pieces 


which were bolted together after ma- 
chining. Two of these redesigned com- 
ponent parts are shown above in com- 
parison with original casting. The third 
part was simply a ribbed tube. 
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Desi ns for speedier rodii 
gns for speedier p 


Where Spinning is Cheaper and Faster 


In small lots, parts designed for spin- 


ning can often be put into faster and 
cheaper production than parts designed 
for stamping. Tools for spinning can 
be made quicker, usually are cheaper, 
and can be used for different gages and 
materials. Taking advantage of these 
factors, designers not only are replacing 
stampings with spinnings for parts such 
as cams and covers, but also are fabri- 
cating complicated sheet metal parts by 
welding together segments cut from 
spun shapes. 

Interdependent factors (gage, radii, 
depth and diameter of section, and duc- 
tility of material) follow same rules 
that operate in drawing. High carbon 
steel must be worked in dead annealed 
condition or by special technique. 
Stainless steels require several anneal- 
ing and pickling operations in spinning 
deep sections. 

Maximum thicknesses are: brasses, 
bronzes and copper, up to 14 in.; cold 
rolled steel, up to 9 gage; stainless 
steel, up to 11 gage. Minimum thick- 
ness depends on requirements of job. 


Light lines show spinning 


from which housings are cut 


Copper 0.012 in. thick and steel 0.004 
in. thick have been spun in small diame- 
ters; 22 gage steel can be spun com- 
mercially. Where minimum thickness 
of section is specified, the spinning is 
usually made from heavier gage metal 
because of reduction and variation in 
thickness. Sharpness of radii depends 
on thickness of metal; radii of 1% in. 
can be spun readily. 

Tolerances on small spinnings can, at 
extra cost, be held to 0.003 in. on 
outside diameters, and to 0.005 in. on 
diameters of flanged holes. Common 
practice for production lots is to specify 
tolerances ranging from 0.010 in. to 
+0.030 in. 

Aluminum reflectors which would re- 
quire expensive deep drawing dies and 
an extra finishing operation, are made 
in lots of 5,000 by spinning. Steel lids 
6% in. in diameter, 22 gage, can be 
spun economically in lots of 2,000 to 
3,000. For experimental work, six in- 
jectors for a new diesel engine design 
were spun to close tolerances from cop- 
per tubing 0.109 in. thick. 


Light-weight elbows for welded 
pipe lines in Heil gasoline trucks are 
made by Milwaukee Metal Spinning 
Company by spinning 14 or 16 gage 
mild steel into the form shown. Two 
such spinnings are welded together 
into a doughnut shape, weld is ground 
smooth on outside surfaces, and dough- 
nut is cut into four 90-deg. segments. 


FILLER TANK 


| Spun 
' ^--Drip flange 





Tank can also be 
spun in fwo parfs 
& welded here 


ume 


Flanges 
„welded on 


ا 
End plate welded‏ 
on large end‏ 


/ Metal:- 18-8 Stainless steel 
Cut for polished all over No. 4 finish 
second 
housing 
Bottle-filling tank, cover and drip flange are each 
spun in one piece by Milwaukee Metal Spinning Company 
from stainless steel. Tank is 20 in. in dia., 12 in. in depth. 
Float is 12 in. in dia. and is made by welding two spin 
nings as shown. Recent developments in low amperage 
welding equipment with close current control has made 
possible the welding of the thin gage stainless steel used. 
If a welded seam is permissible the tank can be made in 
two parts: (1) an upper rolled cylinder butt welded, with a 
spun upper edge; (2) a spun bottom. The two parts can 
then be seam welded together. 


Transmission housing is easily fabricated by welding 
flanges and end plate to a bowl-shaped section cut from a 
metal spinning. Shape of the spinning, made by Milwaukee 
Metal Spinning Company, is shown by light lines above. 
Two sections for transmission housings can be cut from each 
spinning. 
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Grinding a flat surfaee as the first 
machining operation on cast, forged or 
hot-rolled parts speeds subsequent ma- 
chining operations. The resultant fin- 
ished surface accurately locates the part 
in jigs or on magnetic chucks and sim- 
plifies jigs and fixtures. Three or more 
bosses or pads raised to the same level 
and ground on a flat wheel are neces- 
sary for a stable surface; in designing 
odd-shaped parts it is often necessary 
to add bosses as shown in (a), (b), and 
(c), for this purpose. Bosses may also 
be placed at corners of large areas to 
avoid excessive grinding. Areas of 
bosses to be ground, shown in color, 
should be approximately equal. Grooves 
should be provided for chip relief in 
large bosses as shown in (d), otherwise 
chips will burn and slow up grinding 
operation. Two parallel surfaces can 
be ground simultaneously by straddle- 
grinding. 

Flat surfaces in castings not only 
permit grinding as first operation, but 
also may make possible molding with 
wooden machine plates instead of all- 
aluminum pattern plates. Wherever 
possible, carry all bosses out to the edge 
of simple parts as shown in (e), so that 
the pattern can be placed entirely in 
drag. Typical redesign taking advan- 
tage of all these speed-ups is shown 
in (f). 


Fixtures are unnecessary for hold- 
d. Ing this odd-shaped casting during first 


in grinding operation. Three small pro- 
|a Jecions rest on Blanchard magnetic 
an 


chuck and hold part in correct position 
for grinding top surface. After grind- 
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c Drilled ho/e 
\ 
\ 


Pad for locating surface -> 


(a) 
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Tooling Up Simplified by Grinding 


Projection added 
merely fc 


~ 
~ 


locating surface 


x 
Pads and boss surface-ground 


2-77 
/ 


Three cast projections 
position part on mag- 


netic chuck while to 
surface i$ ground. Affer 
grinding, projection 
are knocked off 





ing, projections are knocked off with a 
hammer and smoothed off with grinder. 
Finished surface acts as locating surface 
for subsequent machining operations. 
Part is table drive cover for Blanchard 
vertical surface grinder. 


Original 
bracket 


Flat par ting- 
tine and weed” 
pattern plate possible 


___ Hole can be drilled 
with simple jig 


Redesigned cast bracket 





Fine Finishes by Grinding 


Fine surface finishes, sometimes well 
within the super-finish range, can be 
achieved by grinding, in some cases 
eliminating lapping or subsequent fin- 
ishing operations. Sunbeam Electric 
Company grinds surface 4% in. in 
diameter on semi-steel cast compressor 
head to flatness of 0.000007 in. Surface 
finish is better than 6 microinches. 
Eclipse aviation grinds a pump part 
3°4x3 in. to tolerances of 0.0002 in., 
surface finish of 4 microinches. 


Grinding Hot Rolled Steel 


Machined hot rolled steel is used for 
many machine gun parts at Colt’s Patent 
Fire Arms Mfg. Company. Blanks cut 
from bar stock are surface ground on 
two parallel sides to provide locating 
surfaces for subsequent machining. As 
much as Ys in. is ground from each 
side to remove scale and decarbonized 
skin. Some parts are as large as 
14x5x2 in. Forging dies for these parts 
would be expensive. 
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Machining Operations Reduced by Die-Casting 


Cored hole for valve Formed aff 
adjustment stem ---. маё" 
=: сс eu 











Q&As die-cast 





S 1 А 
Infernal projection formed 
during die-casting operation 
LZ KAS die-cast 


LLL E 


$<- cored holes spun over for 
final assembly fo cap 


ELE HUE HEEL LET TL -Integrally cast gear 
p — eles In teogra/ly cast slot 


Кы к 


Spindle hole, 
bearing recess 
and 36 spoke 
holes all cored 


„Cylinder bore cored fo size 


/ Punched L-slot -Locking pin integrally die-cast 
for locking ~~ i 
{Tey -- Leather cup piston held by two 
=| -———— —- wA Mnged díe-cos/ cups 
=a 


Die cast 
Operating shaft E sip? 


F De -aat koad 








stoked over fo NL. 

hold boll-check : Р н 
Integra! Г —Fasfening lugs’ Pin, 

n ing seat have an Poles {-5/0#/ 
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Comparative Ratings for Die Casting Alloys 


3 ALUMINUM MAGNESIUM ZINC 

| ALLOYS | ALLOYS ALLOYS 
$ SELECTION FACTOR A.S.T.M. | A.S.T.M. A.S.T.M. 
й Nos. 5, | Nos. 12 Nos. 21, 


7, 12 23, 25 





Tensile Strength........... a : 1 (strongest) 


Impact Strength : 1 (toughest) 


Elongation ee 1 (most ductile) 
Mechanical j ———— ———— —— —— —— —— - - — 
Dimensional Stability са : 1 (most stable) 
Properties س‎ - —— —— 
Resistance to Cold Flow............. 4 1 (most 





resistant) 


Re SENOS 65-3 se CAL | ( 1 (hardest) 


1 (highest) 








Physical 1 (highest) 2 








Constants КАЛИ ИШЕН а аъ 2 | 1 (highest) 2 


Weight, per cu. in........ 2 | | 1 (lightest) 





Ease, Speed of Casting 2 | { 1 l (easiest) 
Maximum Feasible Size............. 1 (largest 1 l| (largest 1 (largest 
j feasible) feasible) feasible) 





Casting Complexity of Shape 1 (greatest 1 (greatest 1 (greatest 
possible) possible) possible) 








Charac- - —————— 
Dimensional Accuracy 2 : 1 (most 
teristics accurate) 

















Minimum Section Thickness......... - | 1 | : | 1 (thinnest) 





Surface Smoothness... . . | - | d | y 1 (smoothest) 


Die Cost (b) | i | : | 1 1 (lowest) 





Production Cost.......... ^w > | { | 4 | 1 (lowest) 








Finishing Cost (c) | 1 | { | 1 (lowest) 





Cost per Piece (d) | í | 1 | : 1 (lowest) 





(a) Through the use of a low temperature annealing treatment, Alloy No. 23 can be made virtually stable in dimensions. 
(b) Dies for casting the low melting point alloys are least expensive and have longest life. 


(c) Includes polishing and buffing expense as well as ease of applying all types of commercial finishes, both electro-deposited and 


organic. 


(d) Based on die, material and fuel costs, production speed and machining and finishing costs. 
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Forging Specifications 
ALUMINUM ALLOY FORGINGS 


Aluminum alloy forgings can be made in all sizes in which steel forgings can be produced. 


Tolerances on thickness dimensions, in addition to finish allowance on all longitudinal 
surfaces to be machined +3 in. — gk in. 


Draft angles usually used vary from.................................. 4 to 7 deg. 
Avoid sharp corners and make radii as generous as possible, as in steel forgings. 


STANDARD TOLERANCES FOR STEEL FORGINGS UNDER 100 LB. EACH 
(Adopted by the Drop Forging Association, Feb. 11, 1937) 


Table I — Thickness Tolerances Table II — Shrinkage and Die Wear 
(Inches) (Inches) 
SHRINKAGE PLus Dıe WEAR 
NET WEIGHTS COMMERCIAL 


Ur To — Ls. = LENGTHS Com- NET Wr. Cow- 
OR WIDTHS MERCIAL CLose | Up To мЕВСІАІ, CLOSE 
Ue To—In.+ or — + orn —| —LB. +0rR — + ов – 





.003 0.002 0.032 .016 
.006 0.003 0.035 .018 
.009 0.005 € 0.038 .019 
.012 0.006 0.041 .021 
.015 0.008 0.044 .022 

0.047 ‚024 


үл 


Fe wN ооо ео 


Each 
additional 
inch add 0. 





0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


سا دغ دب Qe»‏ 
و e‏ چ هه © 


For example 


12 . 6 
.054 0.027 
24 .072 0.036 
36 ‚108 0.054 
48 .144 0.072 
60 .180 0.090 


' 
Ф 


o90 ت‎ 


— 
eec 
© e e 


Table III — Mismatching Tolerance Table IV — Draft Angle Tolerances for Drop 
(Inches) Hammer Forgings 


( Degrees) 


Net Weicuat Up то — Ls. | COMMERCIAL CLOSE E 


NoMINAL MERCIAL CLOSE 
ANGLE LIMITS Limits 


0-8 





1 0.015 


| i 0-10 
5 $01 OL Inside holes and depres- 


19 0.024 
Each addition 6 Ib. add 0.003 


0-8 





к Draft Angle Tolerances for Upset Forgings 
For example - | ped 

55 
97 06: i Inside holes and depres- 
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Forging to Close Tolerances 


у” adis - Herbrand frade mark No.7 and die /mpression 


24" 
Э 


85. | Faces fo be flat 
F7 La and parallel within 200$ 
As received 
by Studebaker 


Die shift tolerance gf" ‘unless 
otherwi /se specified 
Straightness x 72, 
Maximum iar temperature not 

fo exceed £ 4 (2009 F. 
All radii &" unless ofherwise specified 





1185" 
7.2074 Forge 


As received 
by Studebaker 


MACHINED ROD 





Forging details of connecting rod 
forged by The Herbrand Corporation 
for Studebaker Champions and detail 
drawing of the machined rod. Dimen- 
sions forged to finished size are shown 
in color on the drawing of the machined 
rod. The rods are Bonderized before 
boring the ends and after boring the 
ends are dip tinned. The Bonderizing 
serves as masking for the tinning and 
thus only the machined surfaces in the 
bores become tinned, as desired, all 
other surfaces remaining clean of tin. 
This saves tin and eliminates the opera- 
tion of cleaning off surplus tin on sur- 
faces where it is not desired. Faces of 
crank and wrist pin bosses are coined 
thus reducing machining time. 
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% $, Section B- B 


A : 77 
Sh lé 


Place customers trade mark\and part Мо. 


€&€ T 
e m YE senos c-c 
65 ur 
HEAT TREATMENT 
After forging heat to 1550? 
to 1575? 
(heat through) and quench in 
Й 7*5) , i oil. Draw to Brine!! hardness 
JF" "3 n^ 
STEEL ANALYSIS Ball dia. 400-370 Brinell {00 percent 
Carbon 035-45(038-43desired) Phosphorus max.0045 
| Manganese 1.35- 1.65 Silicon min. O15 
Sulphur max. (105 grain size 6to8 


| Faces to be 


"As received 
by Studebaker 


Block Originally Machined to Shape Redesigned for Drop Forging 


Demand for greater production $ in., but is now produced of the same 
of Army gun mounts led to the redesign material at a faster rate and more eco- 
of this small block. It was formerly ma- nomically by drop forging. Note the 
chined of WD 1020 steel to tolerances of liberal tolerances for the forging. 
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Parts Pressed From Metal Powders 


DESIGN FACTORS 
Formability. 


Direct pressure must be applied to the entire cross-section of the part when molding. The 
amount of pressure required to obtain a required density in the compressed compact depends 
upon the malleability of the metal powder used. 

Powdered metal materials have almost no lateral flow in the mold in response to 
pressures applied axially, therefore reentrant angles cannot be molded in the compact. If 
reentrant angles are required at planes normal to the axis, they must be machined to shape 
by conventional methods. 

Hot pressing may be resorted to as a means of obtaining solid, pore-free compacts. With 
this method, however, the operation is slow, also die and maintenance costs are higher. 


Size and Shape Limitations. 


Capacity of press available determines the maximum cross-sectional area that can be com- 
pacted. Pressures for compacting vary from. 30 to 60 tons per sq. in. 

The working stroke of the press, the compression ratio of the powder selected and the 
density required, all determine the length of part which can be compacted. Compression 
ratios range between 2 to 1 and 20 to 1 for various metal powders. Length is limited by mini- 
mum density desired because frictional losses prevent the compacting pressure from being 
uniformly transmitted throughout the depth of the mold. 

Shapes are confined to simple contours without undercuts in surface parallel to the axis. 


Dimensional Tolerances. 


Possible to hold very close tolerances in cross-sectional dimensions. 

Tolerances in axial dimensions must be more liberal than those in cross-sections, because 
all of the variables add up in the length of the briquette or the sintered piece. 

Tolerances for concentricity depend largely upon the clearance which must be provided 
between the force and the mold, since this clearance is likely to be all on one side when the 
compacting pressure is applied. Eccentricity can be corrected by operations subsequent to 
sintering, such as swaging or rolling, but this means additional cost. 


Physical Properties. 


Tensile strengths depend upon unit pressures employed to briquette the powders, the length of 
heat-treatment, and the care exercised in control of powder. 
With heat-treating and quenching it is possible to produce from alloy powders, gears 
that have higher strength, wear and impact resistance than case hardened low carbon steel. 
Strength and density may also be improved by re-pressing or cold working if the sintered 
piece is sufficiently malleable. 


Design Advantages. 


Parts having selected properties can be made. Two or more metal powders can be used to 
produce alloys which retain proportionately the individual characteristics of each constituent. 
Many special properties can be obtained by incorporating non-metallic ingredients with the 
metal powder, but this reduces strength. 

Economical for the production of parts, which if made by other methods would involve 
considerable cost for machining operations in comparison with the cost of the material, or 
where scrap losses would be high. The more complicated the machining required by a 
piece made by other methods, the smaller the quantity which would have to be produced from 
metal powders in order to carry the expense for tools and equipment. 


[Editor's Note—For the data here presented and the accompanying illustrations we are 
indebted to D. O. Noel, of the Metals Disintegrating Company and E. S. Patch of the Moraine 
Products Division, General Motors Corporation. | 
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Note: There can be no burr, ridge or 


seam at junction of cylindrical and, 
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ЫЕ 608 FROM 87. 
+ E ' ua ERE 
Lu] x? METAL 0562 0557 oig 
: на Ss POWDERS 0577 0567 0355 
0500 €! N rem : 
0503 bal 226^. 4 0/5/ 64 x45 “chamfer 


Q./6/ 


RADIO TUNING BRAKE, 2778 & mox 






fox 45" chamfer 
; Optional 





LP 
eb 


0.6830 ball must 
‘assemble irr 0.999 
dia. hole 


must be concentric with 
OD. fo within 0.002 LR 


CLUTCH RELEASE SHAFT 
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BEARING 


Note: fractional dimensions * 00/0 
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QD with LD Q00IS LR-Pitch circle with LQ Q0025 LR- 
'Grind O.D - Burnish tooth profile 
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space 
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04825 burnish“ Ends must be square with 
axis within 0.00/ Total ind. |, 06/5 
reading on end of foofh | 0635 
p У ——— اھ‎ “End grind 
[45/5 over 0.250 rolls -< between parallel jaws over 
VS 0.7526 two teeth n 


Q0003 max. variation of се diim. on any опе gear 


Tooth strength of 1200 Ib. shear load min. 
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Pitch line must run concentric 

with bore within 0.002 


DRIVE GEAR FOR 
AGITATOR SHAFT ON 
WASHING MACHINE 


DESIGNS FOR SPEEDIER PRODUCTION 


TRANSMISSIONS 


Elements of simplified transmissions are listed here to show how drives and controls can be designed for 
faster and less costly production, and to suggest ways for shifting some of the production load onto 
subcontractors and manufacturers of parts such as bearings, seals, gears, motors, speed reducers, 
hydraulic units, electrical controls. Refer to cross-index, page 4, for details of methods. 


BEARINGS 


Cartridge, sealed bearings save machining and assembly where seals are required. 
Snap-rings on ball and roller bearings permit through-bore, faster assembly. 
Laminated shims speed bearing adjustment. 

Pillow blocks simplify bearing mountings. 

Removable end-plates facilitate machining of housings. 

Low-melting-point alloy for mounting bearing sleeve eliminates machining of bore. 


SHAFTS 


Shims permit liberal machining tolerances. 
Flexible shafts or couplings sidestep alignment problems. 


For faster production: 

Centrifugal casting 

Die-casting 

Pressed powdered metal 

Flame cutting and welding large gears 

Hobbing in gangs 

Shaving to eliminate grinding 

Flame hardening in gangs 

Induction hardening for gears integral with shaft 
Laminated shims speed bevel gear alignment. 
Sun gears, worm gears, etc., may simplify drives. 
Gear motors or reducers eliminate designed-in gearing. 
Flexible shafts eliminate bevel gears and universal joints. 


CHAIN AND BELT DRIVES 


Chain drives permit more liberal machining tolerances than gears. 
V-belt or short-center flat belt drives may be simplest. 


HYDRAULICS AND PNEUMATICS 

Eliminate complicated motor drives, gears, mechanical controls. 
MECHANISMS 

Linkages may simplify complicated drive mechanisms. 

Needle bearings permit broader applications of linkages. 


Flexible cables achieve simplicity in controls. 
Intricate mechanical controls can be replaced by electrical controls. 
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Snap rings on bearings speed machining by permitting 
bores to be carried straight through. Typical example is 
this section of milling machine knee designed by Van 
Norman Machine Tool Company. Shoulders for three of 
snap rings are counterbored; fourth is simply faced. Com- 
pare with shaft assemblies shown on page 199, where snap 
rings would necessitate counterbore tool too large to pass 
through outer bores. Note also removable end-plate which 
simplifies machining and assembly. 


Sealed bearing 
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Designs for Simpler Bearing Mountings 
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Simplified 
mounting 
with car- 
tridge-type 
bearings 


I 
| End bells identical at 
each end of motor 


Comparison of sealed cartridge-type bearing with con- 
ventional bearing mounting in motor illustrates simpler 
design, reduced number of parts, and savings in machining 
and assembly time possible. Red lines show machining re- 
quired. This mounting, now being widely adopted for motors, 
is the “opposed” type; each bearing takes thrust only in one 
direction. Cartridge bearings are also suitable for “floating” 
or “fixed” mounting in machines. Clearance must be added 
to allow for shaft expansion and tolerances. 


Aluminum-Tin Alloy Bearings 
Have High Load Capacity 


An aluminum-tin alloy bearing devel- 
oped by Federal-Mogul Corporation has 
shown interesting possibilities for the 
most severe operating conditions. Asso- 
ciated elements of design must be held 
within closer limits than with some of 
the other types of bearings. The crank- 
shaft must be hard; the equivalent of 
either case hardened or Tocco hardened. 
The oil supply must be ample at all 
times, and a grooving system must be 
provided which will insure complete 
distribution within the bearing. Oil 
clearance must be not less than 0.00125 
in. per inch of shaft diameter. In addi- 
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Meter for raising aircraft landing gear 
has sealed ball bearings. Chosen by 
Electric Specialty Company as simplest 
design of bearing and seal, it also is 
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lightest in weight. Grease-packed bear- 
ings, after installation are not lubricated 
or inspected until main engine is over- 
hauled after 600 hr. service. 


tion to its high load capacity, the AT-7 
bearing is not subject to corrosion by 
such acids as may be formed in engine 
lubricating oils. 
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Pillow Blocks Simplify Drive Unit 


Redesigned Bed Casting 
Reduces Machining 


Adoption of pillow-block bearings 
and redesign of the bed castings saved 
much machining and assembly time in 
the production by Rice Barton Corpora- 
tion of this hypoid gear drive unit for 
heavy paper machinery. Former design 
consisted of a 3% in. thick bed plate 
casting, two bearing pedestals, gear 
case, and gear case cover, necessitating 
many machining operations. Also, bear- 
ings were mounted directly in the case, 
creating a complicated machining and 
bearing adjustment job. 


Bed casting for the redesigned drive 
is of the box-frame type, with thinner 
sections, approximately the same total 
weight, but with greater rigidity than 
the former bed. Surfaces for pillow 
blocks and cover can all be machined in 
one operation. Appearance is also im- 
proved. Although not shown in these 
pictures, levelling of the unit during 
installation is facilitated by three small 
machined pads on the bed casting. A 
straight edge laid across any two of 
these pads provides a surface on which 
a level can be placed for accurate de- 
termination of bed levelness. 


reduces machir 
permit WITIR 
cover without dais- 
turbing bearing 
adjustment - 
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Conical pu 11 
| Magnetic 


qd gear drive 


clu?ch All surfaces in original 
| design mus? ?ccurafely 
machined to insure correct 
bearing alignment 


: «1 m yl on 


Bed plate 33 in. thick 


Cover and case must be bolted 
together fo bore this bearing hou 


abs 


All surfaces machined with 
one set-up on planer 


Hypoid gear 
Conical pulley, Magnetic rive case 
clutch 


a 
— Side-head too/ 
cuts here 


5сгарег со//есў$ 
ЖЛ ЛА, деаг 
EE ege Four pillow-block bearings for 
/rouehs jo shafts of hypoid gears are set inside the 
PLI redesigned gear case cover. Machining 
Я of these pillow blocks is simple when 
compared with machining of: former 
bearing mountings. Oil seal housings for 
shaft are machined and assembled to 
bed as separate units; they are not 

taken off with the cover. 
Bearings are lubricated by gravity 
from distributing-troughs, two of which 
are shown here:: Oil is collected by a 
scraper from the top of the large gear, 
which runs in an oil bath, and the col- 
lected oil is fed into the top of the 
trough system from whence it flows in 
equal amounts to each bearing. Adjust- 
ment and alignment of these hypoid 
gears is simplified by the use of lami- 

nated shims. 
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Worm Drive Reduces Number of Gears 
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Section “A-A” 


Two pairs of Cone-type worm gears duced by the Michigan Tool Company used for the same purpose. The rela- 
give a total reduction of 78% to 1 in and takes the place of four spur gears, tively small Cone-type gears are cap- 
this gear box assembly. It is used in two pairs of bevel gears and one pair able of greater reductions and heavier 
the rotary gear finishing machine pro- of conventional worm gears formerly loads in proportion to their size. 


Coupling Non-Aligning Elements 





Sketches at left show ways to correct 


E : for misalignment of shafts or rods 
Rotary Motion Axial Motion transmitting rotary or axial motion. 










Misalignment may be caused by ma- 
chining tolerances, by unequal expan- 
sion of parts in which bearings are 
mounted. or by necessity for passing 
controls around obstructions. Flexible 
shafts and cables also can replace gears 
or linkages. 
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(socket Joints --. 
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е Hardened Precision Gears 
, m Made Without Grinding 
g exible 
1 compiling Hardened precision gears for truck, 
r ^ tank, tractor and automobile transmis- 
т sions are made by Spicer Manufactur- 
0 ing Company without grinding the 
t teeth, thereby saving three to five hours 
production time. Gears are finish 
y machined, teeth are hobbed and shaved, 
h and the gears are then packed and put 
a in a carburizing furnace. Before 
i, quenching, a plug is put in the bore to 
|. Selection depends upon: prevent warping. Large gears that 
e Torque or push-pull force have relatively thin webs are held 
n Direction of torque or force clamped in a press while being 
ч рое н ار‎ Le — quenched. After quenching, bores are 
4 —— ground to assure concentricity with the 


Permissible deflecti : : : e 
илем» PAN pitch circle. Resulting gears are within 


0.0015 in. of exact dimensions. 
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Assembly Time Reduced 10-20 Percent 


Shims Speed Adjustment 
With Ball, Roller Bearings 


Although laminated shims have long 
been used in assembling and adjusting 
sleeve bearings, only recently have de- 
sign engineers learned to use shims with 
ball and roller bearings to speed end- 
play adjustment of shafts and align- 
ment of gears. Permitting simpler bear- 
ing mountings, laminated shims can 
save 10 to 20 percent assembly time, 
can reduce machining costs by permit- 
ting less exacting limits of accuracy, 
and can release to other jobs lathes 
used intermittently for machine-fitting 
shaft assemblies. Illustration shows two 
methods for determining correct shim 
thickness. Method shown at right can 
be used where shaft does not extend 
through end-plate. Since most shafts 
require some end play, allowances for 
this must be made. 


Simplest laminated shim to use is 
the annular type which fits against 
either the outer race or the inner race 
of the bearing. Two methods of design 
are shown. Obviously the smaller shim 
without bolt holes is more economical 
and easier to assemble. Shim manufac- 
turers and users are now standardizing 
sizes of annular shims for use with 


standard ball and roller bearings. Prin- 
cipal point of controversy is standard 
clearance, now ranging from 0.002 to 
0.005 in., between shim diameter and 
diameter of bore or shaft. 


CHART SHOWING COMPRESSION OF 
LAMINATED BRASS SHIMS 
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Assemble without shim. 
Move shaft up and down; 
dial indicator tells shim 
thickness desired 


Laminated shim 
yp thick (half solid) 


Assemble with full shim. 
Feeler gage tells how much 
to peel off. Allow 0.001- 
0.002 in. end play 


Large shim 
special for 


reach design 2 


S 
\ 


‘Smaller, less expensive 


shim can be used where- 
ever same size bearing 
is specified 


Ee 


Ш 


= MOM 


Good Design 


Commercial Tolerances for Laminated Shims 


TOLERANCE ON 
TOTAL THICKNESS 


No. AND SIZE OF 
INDIVIDUAL LEAVES 


„ NOMINAL TOTAL 
THICKNESS 


. 004 





+ 


— 0.002 thick 


ә 


+0.00025 


.006 2— 0.003 “ +0.00025 


“ 


‚006 3 — 0.002 +0.00025 


. 009 3—0.003 “ +0.00025 


— 0.002 +0 .0006 


— 0.003 +0.0006 


15 — 0.002 +0.0020 


10 — 0.003 +0.0020 


Data Courtesy Laminated Shim Company and A. B. Willi, 


Chief Engineer, Federal-Mogul Corporation 
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How laminated shims simplify de- 


sign of ball bearing mountings is clearly 
shown in this Van Norman machine tool 
drive. Bores for inner and outer bear- 


ings are machined to same diameter; 


removable end-plate permits boring лено соло 
straight through outer bearing housing BE At throughs 


and facilitates assembly of shaft, bear- facilitates assembly X 
ings and dust seal. This end-plate prin- 
ciple is applied in drive housings of Г 777 

many Van Norman machines, with con- Y 
siderable savings in machining and Е В 
assembly time. Two shim adjustments 


are necessary in assembling shaft at 
left: one for correct backlash of bevel 


gear, and one for proper end-play of وو‎ 
shaft. Only end-play adjustment is re- same operation 


quired for shaft at right. Bearings were 
formerly fitted by assembling drive, 
testing backlash, disassembling, machin- 
ing a few thousands off the shaft or 
gear, reassembling, etc., until desired 
adjustment was obtained. 

In these applications, shaft and end- 


plate dimensions are calculated for shim ¥ PN, 
; thickness of 0.052 in. Shims as pur- | *-~Shim adjusts 
б chased are 0.062 in. thick (+s in.), half backlash of 
é solid, half laminated for economy. DIM bevel gears 


Therefore, in assembling parts ma- 
x chined with absolute accuracy, it is 
E necessary to peel off 0.010 in. from each 
М shim. Actually, cumulative machining 
E tolerances of —0.010 to +0.020 in. are 
possible. Laminations for bevel gear 
alignment are 0.002 in. thick; for ordi- 

nary bearing adjustments, 0.003 in. 










Shim adjusts for 
correct beve/ geor. 
alignment 


Д. оси тота, берсэ, 
=, vas complete unit 
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– ... Shim adjust: N :@ 
LÀ ڪا‎ i Shim orate for correct \ ZN Y A 
IN AVE Mt se T SS — 
MESI L^ Wh EE 
UE — 1 И! 6 
22 = 5 B3 
Lies к = Reversi 
е, КЄ CG; UN clutch = 
Р lash in Н F 
Беке! gears N NZ ANN 
A х7 
= NS A У S 
Removable“ AK И 1 
end-plate @ | И 
KA 2, 2 
2222222224 SS =H NS SG 8 
Shim adjusts for N UH! H 
correct bevel Gear---- E N М 
alignment И 
LO gears are easily assembled and the machine housing. Complicated ad- bearing. Van Norman Machine Tool 
с іп this reversing gear drive for justment and alignment of the bevel Company estimates a saving of 30 per- 
, i 29 Когтап milling machine. On shaft gears is facilitated by three laminated cent on bevel gear alignment, and a 
li : bearing mountings, bearings, gears, shims as shown. Proper end play (0.001 saving of 20 percent in assembling 
c utch and shaft are pre-assembled into to 0.002 in.) of shaft B is adjusted by where adjustment of end-play is impor- 
_ unit which is easily slid into place in shim set between end-plate and ball tant to accuracy and life of the machine. 
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Linkages Eliminate Sliding Members 


Mechanism consisting essentially of 
two cranks and a link imparts a vari- 
able rotary motion to knife bars of sheet 
and paper-board cutting m2chinery 
made by S & S Corrugated Paper Ma- 
chinery Company. A Reeves variable- 
speed unit drives shaft A having an in- 
tegral pinion which drives an internal 
gear mounted on shaft B. Pin C which 
is fixed to the internal gear ring drives 
link CD which in turn rotates crank DE 
keyed to lower knife shaft E. Gears. 
not shown in illustration, on shaft E 
mesh with gears on F the upper knife 


Quick return “kicker” mechan- 
ism consisting only of cranks and links 
is used on a paper folding machine 
made by S & S Corrugated Paper Ma- 
chinery Company. Drive crank AB is 
keyed on driving shaft A. Crank AB 
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shaft. Schematically the linkage con- 
sists of a driving crank BC, a follower 
link CD, a driven crank DE, and a 
frame link BE. The internal gear shaft 
B is carried on the web of a large worm- 
wheel segment which is free to turn on 
shaft A. Thus by means of a mating 
worm the shaft B can be adjusted 
through an arc BE and thereby chznge 
the length or eccentricity of frame link 
BE, so that a quick knife action can be 
used to cut long sheets, a slow knife 
action to cut short sheets and an inter- 
mediate speed to cut medium length 


N 


2222222 29 


۹ 


SS 


SSS 


е 


A 
Й 


wv 


drives link BC, which in turn drives the 
driven crank CD. Pin C drives “kicker” 
link CE, Link CE imparts a reciprocat- 
ing motion to a carriage which is con- 
strained to move in a straight line by 
ways in the machine frame. Carriage 


N 
any 7 
NT, 


2—2 


Бул 


sheets. In Fig. 1 the position of shaft 
B is shown when adjusted to cut the 
longest sheets. Fig. 2 shows the posi- 
tion of shaft B when adjusted to cut 
medium length sheets. Fig. 3 shows the 
position of shaft B when adjusted to cut 
the shortest sheets. The driving worm 
for turning the worm segment that car- 
ries shaft B is geared to the speed ad. 
justing screw on the Reeves unit, thus 
the worm segment and the driving speed 
can be adjusted simultaneously. As 
shown in the illustration, axes of rota- 
tion for shafts А, E and F are fixed. 


N 


Y 


kN 


A 


mma 


ر 


ШШ 
7 


ee SERS 


ا 


travels on ball bearing rollers riding 
on flat steel tracks in machine frame. 
Side thrust of carriage is resisted by 
ball bearing rollers turning on vertical 
pins mounted in carriage. The rollers 
travel in ways machined in frame. 
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Driven Бу chain from 
a sprocket on spindle 
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Driven shaf* N-—7 Sungear C on driven shaft- 


Sungear D on brake 


drum quill 


. . о. B A кн 
Differential pinion carrier— VIDES 


Worrn whee/-- 


SECTION B-B 


Automatie lathe feed mechanism pro- 
vides a drive for obtaining feed motions 
which are synchronous with the speed 
of the lathe spindle on shell machine, 
designed by the machine tool industry, 
working through the Defense Committee 
of the National Machine Tool Builders’ 
Association. Feed drive arrangement 
illustrated also provides a constant fast 
speed for quick positioning of tools and 
a stop. 

Cam drums, not shown in the illus- 
tration, for tool feeds are driven by 
worm A keyed on driven shaft N. Shaft 
N can be driven by V-belt motor drive 
or by worm B depending upon which 
elements are locked in the system. The 
drive for feeding or cutting movements 
is by chain from a sprocket on the lathe 
spindle to the gear box, through change 
gears to worm B. Worm B drives a 
wormwheel keyed to a differential pin- 
ion carrier, thus the pinion carrier al- 
ways revolves synchronously with the 
lathe spindle. 

Sun gear C is keyed to the driven 
shaft N, the other sun gear D is integral 
With the brake drum quill shaft which 
revolves freely on the driven shaft. The 
brake drum can be stopped by a sole- 
noid actuated brake, Section 4-4 shows 
the arrangement. 

In the stop position, both brake and 
motor are not energized. also inertia 
holds driven shaft N stationary, and the 
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rotation of the differential carrier causes 
sun gear D and the brake drum to 
rotate idly. In the feed position, the 
solenoid brake is energized so that sun 
gear D is held stationary, and the rota- 
tion of the differential carrier causes 
driven shaft N to rotate synchronously 
with the lathe spindle, thus idly rotating 
the motor armature through the V-belts. 
In the fast feed motion position motor 


guill shaft 
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Lathe Feed Design to Speed Production 


SECTION A-A 


is energized and the brake solenoid de- 
energized, so that driven shaft N is ro- 
tated rapidly by the motor V-belt drive. 
In this position sun gear D idly drives 
planetary pinions and quill shaft. 

The electrical control, which can be 
either manual or automatic, is a three 
position switch connected for current 
off, current to brake solenoid, and cur- 
rent to motor. 





Chain Drive Replaces Gears 


! 
Idler sprockef 
on eccentric 
for take-up 





Center-to-center distance between 
crankshaft and camshaft of large en- 
gine was difficult to lay out and ma- 
chine to the accuracy of 0.003 in. re- 
quired for gear drive. This machining 
expense was eliminated by the chain- 
drive design shown at left, which per- 
mitted tolerances of as high as 0.050 in. 
for the center-to-center dimension. 
Idler sprocket for take-up of chain 
slack is mounted on an eccentric bush- 
ing. For small engines or large-quan- 
tity orders, proper tooling-up will give 
desired accuracy for gears with little 
trouble. Example of this is in auto- 
mobile engines where machining is done 
in accurate high-production set-ups, 
and where simpler gears can be used. 
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DESIGNS FOR SPEEDIER PRODUCTION 


FASTENINGS 





REDUCING ASSEMBLY TIME 


Two major considerations govern the character of assembly method to be chosen. Is the assembly to 






be permanent or detachable, and what types of fastening are available for the construction and mate- 

















rial being used? The chart at right gives some indication of methods available for fastening various 
types of materials. Typical designs of permanent and detachable fastenings, specially developed to 
reduce handling and assembly time, and illustrative of methods now being employed to speed assembly, 


are shown below. Numerous other examples will be found scattered throughout this number. 


Assembly completed by driving long screw through Stee/-stitched with 

















top of housing and engaging spring clip Rivets and holes ha ; 
м -speed stapl 
At least 12 formerly ean See hE. d 
required ~ April 1940 p. 148-151 
| й ‘fiber боого, ! 
i5 sfee/ ED T 
* sheet 














/ 
“Heel and toe” type speed nut 
snapped into rectangular hole == 
adjacent to bolt hole, holds == 
itself in place 





Г No n / А Ае 
| ar М... F: | 
- Former Redesign 
Westinghouse Capacitor Redesign 


oe eae ا ت‎ 


Parking Lamp Assembly General Motors Cars 


Brake, 
formed 


Seam weld 

after braking 
before bracket 
/s assembled 









V-Seom welo after 





Drilled ~~~ locating nut 
hole E : 
= ~Spot welded clinch н І 
Án nut ee ۴ Ue A v--Se/f-tapping screw 
/ 3 accurately centered Batat bled 
/ over drilled hole, other- ee aor 

Speed nut used as Bracket, wise must be rejected y after frame 1s welded 
blind bolting means N cM 


Refrigerator Door Panel Assembly 


Projection Welded 
General Electric 


бобе _- Tinned 


copper 
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FASTENING METHODS AND TYPICAL APPLICATIONS 
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| PERMANENT | DETACHABLE 
[яуа 2 |SalzZ| Z | 5 |E8| 8 | 3|3289| 3 |[88|ERS| S | 5$ | £ 
BBR] 2 182/55] 2] 4 [52/8 | 5 Ев х HH 21| 
Melal to Metal... .. X| xi xi xX| x| xl xl xi X! | | ТГ Ж £91 DM 
Metal to Rubber . ... T ft +. M. и X +. | [LX PL 
Fabric. .... EF X xi | 1 ix-is- 130 
vadant Bl ie: X is = х 
m X xix х 
Plastics. . . .. x xi x ж Ж x +i So x1 So 
Plastics to Plastics. ..... X Є а Г | €i Ei УЕ ү 
Metal... X xi x x| x X! | xl Se ee 
Wood to Wood X y ڪا‎ ж x £41] 11 Ж 





je cia. for elastic 
stop nuts 


Die-casting assures 
Square corners, smooth 
surfaces and dimersional 


accuracy without 
machining 


A+00 
A 


" A 


B. 
B 


J` 
i \ 
\ 


\ 


\ 
Excess mefa/ 
flows into 
groove 


l 
Machined surface 
must make tight 
fit fo square up 
core 


(c)Rods simultaneously 
(b) Radio 


projection-welded 
to both sides of 
thin diaphragm 


Speaker Core 


Regular 
rouvnd-head 
screw or 
bolt 


Three 
projections 
onhead of 


LIS 
(ol) Welding Fastening Screw to Sheet 
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Sheet metal 
К 


JE 


formed earon 
sheet metal with 
punched hole 


Prestole spring 
fastener 


“Locating stud 


Typical Prestole Fastener Application 


y Wedge ring 


E Washer with 
inside taper 


Initial length of gap “a” 
determines tension in bolt- 
when nut is turned down 

to point where tops of 
wealge ring washers 

are flush 


Je 
9 


Calibrated wedge ring and washer for applica- 
tions such as turbine covers and Diesels where 
equal equail tension in all bolts is important 


Patent No. 2,188, 356 


Standard tapping screw 
sizes between 4-24 toZ-9 


Punch also forms radial slit 
which serves for locking and 
vibration resistance <. 


~ 
= 


Prestole punch and die upsets 
steel panel into spiral cone 
conforming to standard _ 
screw thread pitch 


~ 


Steel panel 


Stock thickness may vary” 
М or housing 


from Q.0/5" fo 0.062” 


Integral Spring Fastener Formed with Punch andi Die 


Rotary ice flaker with parts of dif- 
ferent materials assembled by welding 
reduces materials costs and machining 
time. Steel stub shafts are welded into 
the ends of a piece of steel pipe, after 
which the outside diameter of the pipe 
is turned to obtain a true surface. Stain- 
less steel blades, which have been 
formed on a press brake from flat stock 
and then twisted spirally to fit the pipe, 


Rotor for lawn mower assembled 
in die-casting operation eliminates op- 
erations involved in riveting blades to 
spider, as well as in machining spiders 
to fit shaft and subsequent press fitting. 
High carbon forged steel blades, and 
the tubular shafts are placed in the 
casting mold as inserts, after which four 
web sections or spider arms of zinc 
alloy are integrally die-cast in place, 
thus assembling the blades to the shaft. 
The zinc alloy spiders are rustless and 
add a finished appearance. 


Compact design eliminates facing. 
drilling, tapping and riveting operations 
by using die-cast assembly method. Four 
stator pole pieces made of cold rolled 


204 


are arc welded to the pipe. During weld- 
ing the blades are held in a fixture. 

The assembled rotor is then dipped 
in a pure tin bath to protect the steel 
parts against corrosion, after which the 
blades are circle ground to final diam- 
eter and the stub shafts trued. Cutter is 
then set up in a milling machine and 
the edges of the blades bevelled. 

Cutter is made by York Ice Machin- 


a 
I^ 64 
ó 


| CROSS-SECTION 
! BLAD 


0 Е 
Circular. grind COMPLETE 


Жо 396 ого. 





ery Corporation and is used in their 
Flakice machine to remove ice in flake 
form from a rotating polished stainless 
steel refrigerant evaporator, the cutter 
being rotated by the advancing layer of 
ice on the evaporator drum. The blades 
are fabricated of stainless steel since 
they are continually exposed to moisture 
and their cutting edges must stay clean, 
sharp and rust-free. 





Dre cast zinc--- | 


alloy frame 


bracke 


/ Y 
Rheostat for varying > 
generator output 





steel, an Alnico magnet disk, a steel 
stud for holding the generator to a 
bracket support, and an oilless bronze 
bushing are all machined to size. They 


Cold rolled stee - Oilless bronzer 
-.4 pole piece , + bearings / 
F О/7 / 


- 


4 \ 
vt Driving wheel with 
“Alnico serrated surtace that 
magnet ears against tire 


are then placed in a die as inserts and 
a zinc-alloy die-cast around them. The 
shrinkage of metal, while solidifying 


anchors the parts in place. 
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Bearings Anchored in Cored Holes 


Machining and assembling time has 
been reduced to a minimum in con- 
struction of shell turning machines, by 
employing low melting point alloy to 
anchor shaft bushings and sleeves in 
cored holes. Bushings are aligned and 
supported in the cored holes of ma- 
chine frame during assembly on pilot 
bars held in a fixture, while a lead-tin, 
high-bismuth alloy, developed by the 
Cerro de Pasco Company, is poured 
into the space between the bushing and 
hole. Pouring is done through holes 


cast in the machine frame. Except for 
ball thrust bearings on the spindle and 
also on the feed drum shaft, all shafts 
run in plain bronze bearings, having a 
lining of babbitt metal about 0.030 in. 
thick. 

Further time is also saved by using 
type metal matrix alloy to form the 
seat for the combination coverplate and 
motor base. Here, the metal is poured 
in a trough cast in top of the headstock 
portion of the frame casting and al- 
lowed to find a natural level. All doors 
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and plates are attached to the rough 
base casting by capscrews. Neoprene 
gaskets are used at doors and plates to 
insure oil-tight joints. A description of 
the feed drive arrangement for these 
machines is presented on page 201 of 
this issue. The shell machines were 


designed for quantity production. The 
National Machine Tool Builders’ Asso- 
ciation sponsored the development of 
the lathe and the work of designing it 
was done under the direct supervision 
of Myron S. Curtis, consulting engineer. 














seat 





Type metal 
نی‎ а mafrix 
for cover 












¢ Spindle 


-... Mafrix metal for 
g 
Cerro de Pasco Alloy *5600-/ 


Developed Section 
Through YACENY 






anchoring bushings 
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` FINISHES 










































SUITABLE FOR 


thetics 


Lacquers 


Wrinkle finishes 


Japans 


UNSUITABLE FOR 


DRYING FINISHES FASTER 


Considerable savings in production time have been made with near infra-red energy for finish 


commercial installations. 


Steel Company. 


baking, using compact lamp tunnels automatically operated. 


discussed in PRODUCT ENGINEERING, July 1940, pages 307-310. 


Edison Company appears on the following page. 


INFRA-RED APPLICATION DATA 


Mass production of many pieces of same size and shape. 
Simple shapes with all painted surfaces exposed to rays. 


Few pieces varying in size and shape. 


Complex pieces with painted surfaces which are hidden from 
rays or shadowed by projection. 


MATERIAL 


Synthetic enamels: Alkyd 
synthetic and urea-form- 
aldehyde modified syn- 


TEMPERATURE 


250-350 deg. 


(1.75-2.0 watts 


per sq.in). 


350-100 deg. 


(about 2.8 watts 


per sq.in.) 


100-150 deg. F. 


150-450 deg. F. 


ا 


F.| 


F. | 


T 


— 





Hardening Characteristics of Finishing Materials 


COMMENT 


Harden by polymerization and/or 
oxidation. Oil modified resin 
is used as the vehicle. Re- 
sponse to infra-red treatment 
depends on pigments and color 


| Harden by evaporation. Since 


they are dried at low temper- 
ature to avoid pinholing and 
bubbling no discoloration will 
occur. Formerly air dried be- 
cause of the low temperatures 


i. پچ‎ E ала 
| More difficult to bake out be- 


cause of the high temperatures 
required and/or time required 
for oxidation 


Baking japans have not proved 
economical for this method of 
drying as the vegetable oils 
which they contain harden too 
slowly. Air-drying japans offer 
no difficulty 





Process and applications were 


Scope and limitations and production cost data on this type of drying, briefed below, are recent 
This material was furnished through courtesy of Fostoria Pressed 


A chart of typical applications based on investigations of the Commonwealth 


Operating Costs 


No stand-by losses are incurred when the 
near infra-red process is used. Since the 
lamp source delivers energy immediately 
to the product, the equipment need not be 
put into service until the painted parts 
are prepared. When the processing is 
complete, the radiant energy tunnel may 
be switched off. Radiant energy tunnels 
need not be preheated before materials 
can be processed. Thus, another ex- 
pensive operating charge is eliminated. 
One manufacturer of ranges and hot 
water heaters saved $200 per month on 
the cost of industrial finishes; finishing 
rejects were greatly reduced. Another, 
making stapling machines for industrial 
and commercial uses, states that radiant 
energy has saved 25 percent on kilowatt- 
hour consumption. А switch manu- 
facturer estimates that in three months 
he will have paid for his installation with 
the savings effected along the production 
line. Formerly four men were required 
to produce with conventional equipment 
what one man now produces with radiant 
energy. The near infra-red process costs 
52 cents per hour, when it is in operation 
during the processing period of the day. 
The conventional equipment must be in 
continuous operation, even though parts 
for processing may slow down due to 
delivery from the paint line, and costs 
61 cents per hour. 

In many cases radiant energy will accom- 
plish the Ана, or drying job in a shorter 
time. Often these savings in time are 
as much as 75 percent and 80 percent. 
One large manufacturer of commercial 
business machines formerly used steam 
ovens to process the finish. The overall 
length of this oven was 100 ft. Using 
radiant energy, the overall length of the 
tunnel was only 30 ft. thereby freeing 
70 ft. of floor space which could be con- 
verted to other uses, 
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OPERATION 


Wrinkled finish 


on camers 


Drving out 


inside of metal 


caskets 


Enamel baking 


stampings 


Removing cyanide 


from pits and 


on small metal 


pores in castings 


Baking finish 


on transformer 


cases 


Drving adhesive 
lacquer or glue 
on speaker cones 


Laboratory use, 


baking finishes 


on cans 


Baking enamel 
finish on globe 


valves 


Baking wrinkled 


finish on die- 


cast auto heater 
cases or frames 


Baking enamel 


on molded bake- 
lite radio cabinets | of molded bake- 


Baking 


synthetic urea 
formaldehyde 
enamel on metal 


Drying ground 
coat preparatory 
to firing on at 


Drying first 


high temperature 


finish coat on 


Baking synthetic 
enamels on small 


axe blades 


fired ground coat 


| 
| 


| 





| 


MATERIAL 


Aluminum die- 
cast metal 


Sheet steel 
pressed and 
welded burial 
caskets 


Sheet metal dis- 
play with pressed 
pocket for 
advertising 


Gray cast iron 


Pressed sheet 


| steel boxes 


22 gage) 


|SIZE IN IN. 


T 





2x4x6 


I 


16x24x72 


approx. 
1x6x1/32 | 
| 
| 
10—14 dia.| 
14x2 
height 
3x3x4 | 


| 
t 
| 


Steel frame and |6 dia. cones| 


paper cones 


Tin cans, labels 


| 2-3 dia. 


3 height 
speaker 





| and decoration | 1-5 height, 


| 
+ 


| Cast or wrought | Up to 114| Green air dry 


printed directly 
on tin 


| iron and brass 


o 


— — 


+ 


Die-cast frame 
or case for auto 


| 
| 


hot water heater | 


Small portable 
radio cabinet 


lite—mottled 
brown color 


Test samples 
of steel sheet 


Steel sheet 


| Steel pan with 


vitreous ground 
coat fired on 


Steel axe blades 


— 


ا 


ы 


valves 


115 height 


6x8x14 
Ve — V5 thick 


3x6 (18 


| gage) 


+ 


12x12 
20 gage 


7х15х41$ 


| deep 


20 gage 


3x534 


blade edge 
g 


to 34 


hund "-—  '———————————— e n n '——————— 


ا 





| enamel grayish 

| tan color 

| wrinkle formed 
in 3 min. 


+ 


Urea formalde- 
hyde baking 

(220 F.) cream | 
color 


dia 
Synthetic enamel, 
urea formaldehyde, 
air-dry enamel 
\Chinawood, soya 
land meleic oils 


——— " T 
| Water solvent 
ground coat gray 
cok г 








[:Water solvent 
white first finish 
| coat 


| 
| 





Gloss black 
synthetic enamel 
and thinner 





і 


8320 


2080 


6240 


6240 


2080 


Applications of Radiant Energy Heating* 





| Torar | REFLECTOR 


DIA. AND 


SPACING IN. 


814 dia. 


| 915 spacing 


FINISH WATTS | 
Synthetic plastic 1000 
wrinkle finish 

| sprayed on 
Plated or oxidized| 2600 
surfaces from 
which moisture 
must be removed 
on inside 
Red enamel 1160 
sprayed on 
Plating after wash| 6240 
in cyanide and 
hot water 
Black nitro-cellu- | 7800 
lose lacquer with 
solvent—5 min. 
air dry, 10 min. 
under lamps, 10 
min. air 
T 
Nitro-cellulose 22,880 
| adhesive lacquer | 
| | 
Enamels, lacquers, 190 
inks 
t 
2080 
enamel 
10-12 dia.| Wrinkled finish 8320 


+ 


None 
special 
arrangement 


814 dia. 
815 spacing 


814 dia. 
816 spacing 


10 dia. 
12 spacing 


‘ 10 апа 914 
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FINISHES THAT DRY IN MINUTES, yet 
provide good surface protection, have 
been made possible through the de- 
velopment of dispersion resins. The 
term dispersion resin describes one of 
a group of materials regarded as “pre- 
cured” coatings. They are soluble only 
in part in varnish solvents, but may be 
dispersed readily in the aromatic hy- 
drocarbons. Upon being laid down in a 
film, drying takes place by the evapora- 
tion of the thinner, thus making “dry- 
ing time” a matter of the formulator’s 
choice. Quick drying coatings have 
long been in use, but it was not until 
the development of these Bakelite dis- 
persion resins that immediate drying 
was obtainable in a durable coating 
which can be re-coated within a few 
minutes with a wide variety of mate- 
rials, without “lifting” or softening of 
first coat. Rapidity of dry is of special 
importance in the manufacture of prod- 
ucts from lightweight aluminum and 
magnesium alloys, where severe baking 
temperatures would be destructive. Dis- 
persion resin coatings cannot be easily 
formulated to more than a semi-gloss 
or eggshell finish, but dull, durable, 
fast-drying coatings can be made up 
readily for applications such as camou- 
flage work where it is necessary to 
change colors quickly. 


Typical Applications 


Ten minute air-drying undercoats, 
which withstand 6 months salt spray 
test 

Aircraft primers that air-dry to re- 
coat in 5 minutes 

Ten-minute enamels for spraying or 
tumbling to produce a complete fin- 
ish in a single coat 

Tanks and ordnance requiring suc- 
cessive coats of camouflage without 
undercoat lifting or softening. 


NEW HEAT-REACTIVE, OXYGEN-CONVERTI- 
BLE RESINS (based on Carbic anhy- 
dride), for use with linseed oil for- 
mulations, provide good color retention 
and produce brilliant whites and deli- 
cate pastels that retain their original 
clarity of tone. They also dry rapidly, 
setting within one hour and drying to 
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Plastic Coatings Speed Finishing 


Quick-drying durable plastic coatings, both air and 
heat setting, can now be formulated. Recently devel- 
oped dispersion resins reduce drying time to five 
minutes or less in some formulations. 
acetate-butyrate flake, and urea resins all lend them- 
selves to quick-finish formulations. Application may 
be by brush, spray or dip. Melamine resins, a recent 









Acetate and 


a  porcelain-like surface overnight. 
These resins also accelerate the bodying 
rate of linseed oil formulations. Their 
relatively low hardening temperature 
is an additional safeguard against 
darkening of color. 


CRIMPED OVER AFTER COATING. Litho- 
graphed metal panels, coated with a 
vinyl resin and baked in the flat, are 
stamped out to form coasters. After 
stamping, the edges are crimped around 
one and one-half turns on less than ve 
in. radius to form a side wall. Coated 
surface is unmarred after this forming. 


LAMINATING FILMS of vinyl resin can 
be rapidly applied to flat sheets, radio 
and instrument dials or flat navigation 
instruments by placing the part and the 
thin resin film under highly polished 
chrome-plated platens under heat and 
pressure. This produces an abrasion- 
resistant transparent surface, impervi- 
ous to moisture, acids and alkalis. 


GooD STABILITY under ultraviolet light, 
and good weather resistance are out- 
standing properties of a new finish 
formulation based on cellulose acetate 
butyrate. The lacquer is applied by 


development, produce a hard, 
glossy finish at lower baking temperatures. 
resins can be compounded for application as corro- 
sion-resistant liners for beverage cans and tank cars, 
for coating metal caps and closures and for coating 
lithographed metal surfaces. 
be used as stop-off coats in electroplating processes. 






abrasion-resistant 


Vinyl 
Vinyl resins can also 


brush, spray or dip. It was developed 
by Flood & Conklin in cooperation with 
Hercules Powder chemists. 


REDUCTION IN BAKING time, made pos- 
sible by melamine resins, also speeds 
production of hard, white finishes, 
Resins made from melamine, now com- 
mercially available are, like the urea 
resins, of the thermo-setting type. Sup- 
plied as solutions in organic solvents, 
they are used for baking enamels in 
combination with alkyd resins and can 
be baked at relatively low temperatures 
obtaining the speed and hardness form- 
erly secured only with high bakes. 
Urea resin vehicles meeting the usual 
requirements for white enamels, are 
generally baked in the range ef 250 
deg. to 325 deg. F. Similar enamels 
based on Melamac resin may be baked 
satisfactorily at 180 to 225 deg. F. 
producing films of excellent hardness 
and gloss, resistant to humidity, chem- 
icals and heat. 

The accompanying curves show the 
hardening effect, in white enamels, on 
an oxidizing type alkyd resin mixed in 
one case with an equal quantity of 
urea resin and in another with an equal 
quantity of melamine resin partially 
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plasticized with alkyd. The melamine 
combination bakes hard in 45 min. at 
200 deg. F., while both the straight 
alkvd amd the urea-alkyd mixture re- 
main relatively soft after 144 hr. at 
200 deg. F. In an hour bake at 250 
deg. F. the urea resin enamel reaches 
the same hardness as the melamine 
resin enamel attains in the same time 
at 200 deg. F. On the other hand, if 
the melamine resin enamel is baked 
at 250 deg. F., it reaches in 30 min. 
the same hardness for which the urea 
resin enamel requires a bake of over 
an hour at the same temperature. 
Another way to take advantage of 
the speed and hardness of the melamine 


resins is to use them with larger pro- 
portions of alkyd resin than would be 
used with urea resin, with consequent 
economies in formulation. In an hour’s 
bake at 250 deg. F. the hardness of an 
enamel containing 35 percent urea 
resin is substantially the same as that 
attained with only 20 percent of a 
melamine-urea combination mixed with 
the same oxidizing type alkyd. 
Considerable improvement in heat re- 
sistance can be effected by the addi- 
tion of urea resin to alkyd types. Such 
combinations in white enamels yield 
excellent results when baked at tem- 
peratures up to 325 deg., but rapidly 
lose both gloss and color when sub- 


Polishing Stainless Steel Electrolytically 


1. Process 
Consists of immersing parts to be 
polished in an electroplating bath 
with the parts as anodes. Various 
electrolytes, covered by patents, have 
been developed for polishing stain- 
less steel. 

2. Character of Finish 
With dense rolled or drawn surfaces, 
the parts come from the bath with 
bright mirror-like finish. 
With rough cast or forged surfaces, 
the process brightens all parts of sur- 
face but does not fill-in or smooth off 


surface irregularities except to re- 
move a thin layer of the surface de- 
fects. 
To bring out the finish on deep parts 
formed from sheet or strip, it is ne- 
cessary to use special cathodes 
shaped to conform with the cavity 
of the part. 

3. Advantages 
As compared with buffing, the proc- 
ess eliminates danger of scoring or 
burning the work, and also of warp- 
ing flat surfaces. 


Process removes discoloration and 


New Finishes for Special Purposes 


A WHITE ENAMEL has been developed 
that has excellent color retention under 
high heat and is resistant to hot oil and 
greases. Its special field of usefulness 
is on stoves. 


HicH Gross, semi-gloss, and wrinkle 
synthetic baking enamels have been 
especially developed for infra-red bak- 
ing. These Raydur enamels bake un- 
der infra-red heat in 3 to 20 min. and 
can be handled for assembly a half 
hour later. 


A New Finisu, called Hammertone, 
closely resembles beaten metal. It is 
supplied in copper, bronze, silver and 
other ornamental metallic colors. 


PERSPIRATION-PROOF LACQUER espe- 
cially suitable for finishing articles fre- 
quently handled, such as flashlamps, 
pencils, compacts and lip-stick holders 
has been developed. The lacquer re- 
sists corrosive action of perspiration 
and protects metal surfaces or enamel 
color coats. 


New Hicu-Speep Grain Finis for 
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the rapid application of wood grain on 
metals consists of a quick-drying 
Durad Speed primer, which receives the 
graining ink, and a top coat of air- 
drying or quick-baking clear lacquer. 


CHLORINATED-RUBBER-BASE ENAMELS 
air-dry dust-free in a few minutes. 
Under normal application conditions, 
they can be freely handled in twelve 
hr. and will not “paper print.” Adhe- 
sion and weather resistance are good; 
flexibility improves with age. These 
Neoprene enamels are for use on metal 
products, and on wood with a surfacer 
to provide an opaque finish or without 
surfacer to show grain. 


SPRAYED ALUMINUM is replacing two 
coats of black enamel for finishing air- 
cooled aircraft engine cylinders. In 
addition to speeding production, alu- 
minum coat is more dependable, lasts 
longer. Aluminum cylinder finish is 
now specified for all Navy aircraft en- 
gines. 


SATIN FINISH, applied with stiff fiber 
expensive 


rotary brushes, eliminates 
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jected to higher temperatures. 

Some of the Melamac resins when 
used with the heat-resistant Rezyl res- 
ins, retain both gloss and color on pro- 
longed exposure to temperatures as 
high as 425 deg. F. Such enamels, 
usually over an alkyd primer, can be 
used for stove parts and electrical ap- 
pliances, for which vitreous enamel or 
metal plating have formerly been con- 
sidered necessary. Enamels made 
from these new resins are more resist- 
ant than comparable types based on 
urea resins, not only to elevated tem- 
peratures but also to chalking on out- 
door exposure. They are less readily 
affected by high humidity or grease. 


oxide scale formed by spot welding. 
The process makes obvious defects 
such as pit-marks, scratches, abra- 
sions, and drawn surface marks, 
which can then be removed by buf- 
fing and polishing on a wheel. 

4. Applications 
Improving appearance of 
forgings and castings. 
Polishing small parts or wire parts, 
which are difficult to hold. 
Polishing intricate parts that have 
recesses which cannot be reached by 
buffing and polishing wheels. 


rough 


polishing operations on aluminum 
domes and hubs of aircraft propellers. 
High polish, demanded for sake of ap- 
pearance by airlines, showed finger- 
marks and grease spots more readily 
and was unnecessary for fighting planes. 


Cotorep Rivets, clips and small 
parts save time, help workers identify 
parts more readily and reduce er- 
rors in assembling. A new coloring 
and rust-proofing process makes avail- 
able colors of bluish-green, dark red 
and jet black. Although process re- 
quires 10 percent more time for black 
and 20 percent more time for colors 
than conventional colorless rust-proof- 
ing, savings in assembling makes it 
worthwhile for certain jobs. Similarly, 
special lacquers and enamels have been 
developed for coloring shell and bomb 
parts to speed assembly. 


Two TO FOUR TIMES AS FAST as present 
processes, a new high-speed brass-plat- 
ing process developed by du Pont 
yields smooth bright deposits of con- 
trollable thicknesses at a rapid rate of 
deposition. 
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DESIGNS FOR SPEEDIER PRODUCTION 


PLASTICS 


Designed for Speedy Assembly 


Plastic mounts are formed around 24 camera lenses dur- 
ing molding process in one injection shot; assembly of lenses 
into low-priced cameras is thus considerably speeded. The 
lens is anchored securely, formed and machined metal hous- 
ings are not required. Costs are considerably reduced. No 
finishing other than removal of sprue is necessary. 


Simplified desigm and reduced production costs were 
obtained through the use of plastic for the new Speed-O- 
Scope drafting instrument of the Speed-O-Print Corporation. 
Design was formerly assembly of wooden parts, as shown to 
the right, above. The new plastic model is illustrated to the 
right, below. By molding the instrument in one piece, costs 
were considerably reduced. Only assembly required is to 
fasten the louvre section to the one-piece frame with spring 
latch clips. Since finish and color are inherent in the molded 
plastic, no sanding or coating is necessary. Molded of Bake- 
lite phenolic by the Chicago Molded Products Corporation. 
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Three steps in a design change- 
ever. Radiator ornament on the 1938 
Pontiac was one-piece zinc die-casting, 


Designs for speedier production 


chrome-plated. In the 1940 Pontiac, the 
ornament was a combination of die-cast- 


ing and molded Crystalite. The 1941 


Formed 
wire 
staple 


TYPICAL METHODS OF MOUNTING EXTRUDED 
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Extruded plastie is now available in 
wide variety of colors and in any length. 
Shape of plastic strip is determined by 
die used. No plating or finishing is re- 


quired. Numerous methods are avail- 


deluxe Torpedo fleet models have a one- 
piece Crystalite injection molding for 
radiator ornament. 


2 2; 
а УЧ b 


Ес 
- \ 
Spring 
stee/ 
fastener 


Extruded plastic 


-- Formed strip 


PLASTIC STRIP 


able for mounting, utilizing wire staples, 
formed metal strip, spring steel fasten- 
ers and the like. Usual plastic material 
for extrusion is cellulose-acetate or ace- 
tate-butyrate. 


Molded phenolie, used for a two- 
piece lampbase, reduced machining 
time and eliminated  metal-forming 
operations. In addition, designers found 
it possible to utilize the support as a 
housing for a five-tube radio. Material 
is inexpensive and light in weight. De- 
signed by Mitchell Manufacturing Com- 
pany and molded of Bakelite by Mid- 
west Molders. Finish is sprayed on. 


Plastics in Armaments 


Molded plastics are being used in Brit- 
ish armament production. Gun mounts 
sent to this country for study by U.S. 
Army engineers have handwheels of 
molded plastic. These parts were for- 
merly die-cast or machined steel. 
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Less Weight and No 





Emitation wrinkle finish is obtained directly in the 
molding operation by suitable die surfaces, in the production 
of plastic typewriter ribbon spool covers, which replace 
stamped metal covers on Underwood Elliot Fisher type- 
writers. Separate finishing operations are entirely eliminated. 
Part is injection-molded of Tenite by the Mason Company. 





Finishing operations can often be eliminated by the use 
of plastics, as in the new plastic agitator developed by the 
Bakelite Corporation and the Eclipse Molded Products Cor- 
poration. Metal agitators require a special finish: to resist 
solvents, although this finish is expensive, it is not always 
satisfactory. Additional time and cost is saved by integrally 
molding a spline in the agitator to replace a machined spline. 
In aluminum, agitator weighed 4% lb.; in plastic it weighs 
234 lb. Impact strength is equivalent to that of metal and 
plastic has greater resistance to caustics. Designed for 
Barton Corp. 
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Finishing 
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Savings in finishing and machining time through use of 
Plexiglas for a pump housing. Machined from a solid block 
with ordinary woodworking tools, the transparent housing 
permits visual inspection of pump operating parts. If metal 
had been used, some finishing means, or some special alloy 
metal, would have been required to provide acid resistance. 
The use of plastic offered no special advantages for assembly. 
The Plexiglas is tough enough so that it can be tapped like 
metal. Designed by Milton Roy. 





Production costs were reduced through the use of trans 
fer-molded Bakelite phenolic instead of high-grade walnut 
wood for machine gun stocks. Stock is hollow and light in 


ture 


weight, has good impact resistance and is moisture, wear and ligh 

° . ~ “ с 
abrasion resistant. Guns are manufactured by.Smith and à 
Wir 


Wesson; stocks are molded by the Shaw Insulator Company. 
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Finishing troubles, caused by de- 
terioration of a baked enamel finish 
under heat developed in tool operation, 
were eliminated through redesign of the 
product for plastic molding. Machining 


Longer service life is obtained through the use of plastic 


^ bo zii a ak C 
„а ic 


required on the metal housing was also 
considerable. Plastics provided a per- 
manent finish on the redesign; holding 
devices, and wiring channels were 
formed during the molding operation. 


Designs for speedier production 


a 


Tapped inserts were molded in, machin- 
ing operations were thus held to mini- 
mum. Molded of Bakelite by the Insula- 
tion Manufacturing Company for the 
U. S. Cloth Cutting Machine Company 


Weight reduetion by substitution of materials. Tri-Pak 


fish-net floats. Although wood floats cost 25 percent less, the 
wood loses buoyancy, and requires a preservative twice a 
year; hence cost is equal after approximately two years of 
service. Aluminum floats cost about 25 percent more. Since 
cork floats are imported, war conditions make them increas- 
ingly hard to obtain. Cork absorbs water, loses its buoyancy, 
and tends to slough off in service. Plastic floats, manufac- 
tured by J. H. Shepherd Son & Company, are 15 percent 
lighter than aluminum for the same buoyancy and being of 
comparatively softer material are less apt to damage the net 
twine. The plastic float costs 10 per cent more than cork. 
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oil bottles are now injection-molded of Tenite II plastic, and 
are only 20 percent of the weight of the former glass con- 
tainers. Since this is a west coast concern, there is a conse- 
quent saving of 9 percent in freight costs on shipments to the 
east. The label is printed on 0.005 in. gage Eastman acetate 
sheeting placed inside of the container and held in position 
with acetate cement. Permanence and visual depth are ob- 
tained. The improved appearance of the package has resulted 
in a considerable increase in sales; for the first three months 
of this year sales have exceeded total sales for 1939. The 
bottles are molded by the Remler Company. 
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Faster Assembly, Lower Unit Cost 


Phenolic molded plastie made possible a better and 
more attractive design, as compared with sheet steel, in 
this pushbutton station by Colt’s Patent Fire Arms Mfg. 
Company. Electrical properties of the material permit 
smaller case dimensions without fibre insulation; while 
ample strength is easily assuréd by ribs. A bead around 
the edge not only adds strength but forms a rabbit joint 
with the metal base, while another bead forms a guard 
around the start button. The non-removable buttons are 
designed so they can be rotated to seat in any one of four 
positions for proper reading. See drawing, right. 


Cost of assembling the brackets, contacts and insulating 
blocks in electrical relays often exceed cost of the parts. To 
simplify production and reduce unit cost of the relay, General 
Electric engineers specified the case to be molded phenolic 
with integral mountings for the terminal studs and fixed con- 
tacts and molded barriers between contacts. Housing also 
provides bearings for the armatures, a backstop mounting 
for the relay armature and molded-in inserts for pigtails. 


Coil spring main- 
fais pressure 
against washer 
holding pushbutton 
ın one of four 
positions 


Flat ^^^ 


M] 
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Rivet molded in 

as insert, peened 
over to hold contact 
washer ~~ _ 


CONVENTIONAL METHOD 
OF MOUNTING RELAY PARTS 


NS ^^ 


Pin integral with 
_¢ pushbutton 


(Flats formed on pin 
during molding 
operation) 


- Mica washer, with 
formed groove, fits 
over pin 


Crossed grooves 
molded п ter- 
minal block 


SCHEMATIC OF PUSH- 
BUTTON DESIGN FOR 
HORIZONTAL OR 
VERTICAL MOUNTING 
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Laminated Plastic Construction 


For fast fabrication of complex shapes, sub- 
assemblies and housings wherein high strength- 


weight ratios and low production cost are im- 


portant factors, laminated plywood bonded with 


synthetic resin adhesives under heat and pressure 


k, JN o» speedier production 





and the progress being made in development of 
new resin adhesives and improved fabricating 


methods, this type of construction is being more 


and more used in the marine, automotive, air- 
craft, household appliance and similar fields. Data 


is often the most desirable constructional ma- and illustrations for this article were furnished 


terial. 


ment of metal, where possible, in product design, 


FUNDAMENTAL FABRICATING PRINCIPLE 
in present processes is use of deflated or 
inflated rubber bag as one-half of a pair 
of molding dies. This means savings in 
die cost: the die is wood and can be 
made by any good pattern maker, and 
no accurately machined mating die is 
required. The rubber bag pressure is 
substantially of the order of fluid pres- 
sure and at right angles to the work. In 
the Vidal process, widely used for air- 
craft and automotive work, the sub- 
assembly is inclosed in a rubber bag 
and the bag inclosed in a pressure tank 
which is filled with steam at 50 to 100 


Rapid fabrication of broad, smooth, 


Weatherproof surfaces of adequate 
strength, plus ease of assembly with 
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With the present trend towards replace- 


poration. 


lb. pressure. Thus reinforcing struc- 


tures can be molded to a part being 
formed, all in a single operation. 


ADHESIVES can be of the thermosetting 
or thermoplastic type. depending on the 


process used. Generally, phenolics and 
ureas require relatively high steam tem- 
peratures and pressures and relatively 
long cures, although certain urea ad- 
hesives recently available cure under 
lower temperature and pressure. Of the 
thermoplastic types, polyvinyl acetates, 
which cure fast under relatively low 
steam temperatures, are particularly suc- 


standard fittings, led to the choice of 
laminated plywood for this Plymouth 
station wagon top. Designed by Air- 


by Harold P. Moon of the Allied Aviation Cor- 


cessful when used with Vidal equip- 


ment. Impregnation is about 40 percent 


by depth, and shear strengths of the 
order of 250 to 300 lb. per sq. in. can 
be obtained. Delicate control of heat 
and pressure is not required. 


APPLICATIONS of laminated plywood are 
wide and varied. Among the more im- 
portant uses are ın marıne construc- 
tion, aircraft sub-assemblies, automotive 
bodies, engine cowlings, portable knock- 
down radio houses for army use, and 
domestic devices where sheet metal, par- 
ticularly with double curvatures, is used. 





craft Research, the top is fabricated by 


U.S. Plywood. 
(Continued on next page) 
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Laminated Plastic Construction ( Continued ) 








Pre-molded reinforcing braces to shell during the shell-forming opera- tion, lighter than Dural, is of equal 
with laminations 2 in. thick are joined tion in this bomb bay door. Construc- strength. Aircraft Research design. 
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Joining of nose section 
of rib - also done in 
single fabricating operation 
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Showing how upper and lower 
surfaces of wing are joined 
integrally to ribs 
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GEORGE F. NORDENHOLT, Editor 


Once There Was a Republic 


THE NATION had been “blessed with victory and peace” 
but soon there came years in which unemployment and 
hunger stalked the land. It was the backwash of the 
terrific war that had been fought; the pendulum was 
swinging back. In their discouragement the people for- 
got patriotism, self-sacrifice, high ideals, the virtues of 
hard work and spiritual values. Thinking was smothered 
by mental confusion. 

Out of the chaos there came a promising leader. Wil- 
ingly and enthusiastically, the masses followed him. He 
curbed the greed and selfishness of the rich and of the 
leaders of industry. To the fullest extent of his power 
to do so, he forced employers to give more work and 
more pay. But the masses were impatient, and unscrupu- 
lous leaders of labor seized the opportunity. Well-meaning 
and ardent social welfare workers unwittingly fanned 
the smoldering discontent. Impractical experiments were 
tried; more legislation was passed to curb the employers. 
Results were disastrous. Production of wealth steadily 
decreased; strikes followed each other in rapid succes- 
sion; industry became demoralized, all but stagnant. 

War clouds gathered. Another nation was threateningly 
preparing for conquest. Immediately the Republic con- 
tracted for huge orders of armaments and fighting equip- 
ment. The young men were called for military training. 
Millions were put under arms. But something was lack- 
ing. Although the government succeeded in controlling 
strikes to a great extent, there was little or no enthusiasm 
on the part of the workers. Although every attempt was 
made to build up a feeling of patriotism in the hearts of 
the soldiers, they reacted without spirit. And the masses 
of the people did nothing. The nation was conquered. 

Well-meaning Premier Blum who had been in power 
from 1934 to 1937 had done much to improve, at least 
temporarily, the conditions of the French working man. 
But many of his experiments served only to becloud the 
fact that the virtues of a nation are derived from the 


hard work, clean living and high morals of its inhabitants. 
When citizens forget to “praise the power that has made 
and preserved them a nation,” that nation is doomed. In 
the case of France, it has been summed up in this brief 
sentence—"The soul of France was sick.” 

For almost a year it has been obvious that in the all too- 
near future we will be compelled to defend our liberties 
and our institutions. But still there is bickering over 
pennies, and men strike, sitdown, or otherwise stop work 
for little or no reason. Impatience over wages and work- 
ing conditions overpowers the spirit to “stand between 
our loved homes and war’s desolution.” And masses 
of the people are being lulled into a false sense of security 
by self-styled experts who on their own imagined prem- 
ises and assumptions prove that Hitler cannot conquer 
America. 

Other than national spirit, there is little that is com- 
parable between France and the United States. We are 
blessed with a leader who ranks with our greatest. But 
vainly does he wait for the voice of his people to be heard. 

What has happened to America? Is our soul still sick? 
Why do not our great “service clubs,” Rotarians, 
Kiwanis, Lions and others, relight the torch of freedom 
and give vent to the pent-up feelings that are swelling in 
the hearts of true Americans? Why do the officers of 
municipalities allow draftees to leave for camps with no 
more attention than is given the daily commuter? Where 
are the parades, the roll of drums, the patriotic exercises, 
the salute to the flag, the singing of the Star Spangled 
Banner? 

Wake up America! We must return quickly to the 
spirit of our pioneers who, to establish and preserve their 
freedom of life and worship, conquered the wilderness, 
fought the Indians, endured the elements and praised 
God. 

Or shall it also be written of these great United States 
—once there was a republic but its soul became sick? 





THE ALLISON ENGINE 


A record of its development 


from an idea to mass production 


OST new scientific and engineer- 

ing developments in their early 

stages become the targets of 
irresponsible criticism. The laymen 
on the banks of the Hudson knew noth- 
ing about either the steam engine or 
navigation, but they lustily derided 
Fulton and his steamboat. The people 
who knew least about engines and 
aerodynamics laughed heartily over the 
attempts of the Wright brothers to 
build a flying machine. The caustic 
criticisms that have been directed 
against the Allison Division of General 
Motors and the reports of failures of 
the Allison engine both in perform- 
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ance and production, are in the same 
general category. For the most part 
they can be credited to irresponsible 
statements relayed by uninformed re- 
porters to a daily press that publishes 
items without bothering to check the 
supposed facts. An accurate account 
of the development of the Allison engine 
has never been given. General Motors 
obviously preferred to ignore the irres- 
ponsible criticisms and distorted re- 
ports. After all, such stories did not 
affect the development program one 
iota, so there was no reason for Gen- 
eral Motors to pay the least attention 
to the disparaging gossip concerning 


the Allison engine. But on the other 
hand, in justice to the men who per 
fected the world's most powerful liquid- 
cooled airplane engine and put it into 
mass production in a remarkably short 
time, the story should be told. 
Actually, Jim Allison did not design 
the Allison engine. He was neither an 
engineer nor a mechanic; he was 4 
wealthy sportsman, a keen business 
man and an amazing character. To 
Norman H. Gilman, Jim Allison's pre 
tegé, should go the bulk of the credi! 
for having initiated the design of the 
world’s most powerful liquid-cooled air- | 
plane engine. But Gilman always in 
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sists that if it had not been for Jim 
Allison there would be no Allison 
engine today, and that also is true. 

Be that as it may, the events which 
led to the design of the Allison engine 
can be said to have had their begin- 
nings at the Indiana State Fair in 
Indianapolis on Labor Day, 1905. It 
was there that Jim Allison and his 
partner Carl Fisher, owners of the 
Prest-O-Lite Company, gathered with 
their many friends of the automobile 
industry of that day, to watch Barney 
Oldfield drive his Green Dragon racer 
to win. Those were the days when 
Arthur Newby was principal owner of 
the then famous National Motor Car 
and Vehicle Corporation of Indiana- 
polis, when Frank Wheeler was head of 
Wheeler-Schebler Carburetor Company 
and Harry Stutz was building automo- 
biles. All were friends of Jim Allison, 
and all were in close accord. 

Besides the colorful daredevil Barney 
Oldfield, the top-ranking racing car 
drivers of that day included Charlie 
Merz, during the World War a major 
in the Air Service in France, now presi- 
dent of Merz Engineering Company of 
Indianapolis. Another one was Eddie 
Rickenbacker, later a war ace, now 
president of Eastern Airlines and 
of the Indianapolis Motor Speedway. 

Johnny Aiken was the ranking driver 
of National Cars. Supervising the serv- 
icing of the National Cars entered in 
the races, was a 26 year old Yankee- 
born mechanic, at that time assistant 
superintendent of the National Motor 
Car and Vehicle Corporation shops. 
His name was Norman H. Gilman. 

Sportsman Jim Allison, highly re- 
spected for his keen business judg- 
ment, joined with Carl Fisher, Arthur 
Newby and Frank Wheeler to build 
the famous Indianapolis Speedway. 
Allison's sporting nature and love for 
automobiles led him to sponsor three 
automobile racing teams. This required 
a shop for building and servicing cars 
and in 1916 he built such a shop close 
to the Indianapolis Speedway. He 
needed a superintendent to run the 
shop. Through Johnny Aiken, who had 
become Jim Allison's ranking driver, 
he heard that Norman Gilman was 
looking for a job, National Motors 
being then on the way out. Thus it 
came about that on January 1, 1917, 
Norman H. Gilman became superin- 
tendent, and chief engineer of Jim Alli- 
son's Indianapolis Speedway Team’s 
20-man shop. The shop equipment 
and personnel reflected the spirit of 
Jim Allison. The machine tools were 
the best that could be purchased; the 
mechanics the best that could be had. 

Then came the war. Jim Allison 
called off automobile racing for the 
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duration of the war and ordered Nor- 
man Gilman to forget about automo- 
biles and get war jobs. "Take any job 
you like, especially the ones the other 
fellow can't do; take anything that 
will help the other fellow to get his 
production rolling.” The Nordyke- 
Marmon Company had an order for 
Hall Scott and Liberty aircraft engines; 
Allison’s shop built the tools, jigs and 
fixtures. Two Liberty 12-cylinder Vee 
engines were needed as production 
models by other companies, and Nor- 
man Gilman and his mechanics built 
them. These were no juicy war con- 
tracts; it was all experimental work on 
which profits were small and losses big. 

The 20-man shop expanded to 50 
and then finally 100 mechanics. Only 
difficult jobs were thrown in their laps. 
Production models of superchargers. 
trucks, whippet tanks, and high-speed 
tractors were developed. To coordinate 
the maze of drawings involved and 
to keep them abreast of the design 
changes, a force of 150 designers and 
draftsmen was organized. Under Nor- 
man H. Gilman the shop of the Allison 
Speedway Team Company produced 


design models with a speed and per- 
fection that made them famous. 

In 1917 the name of the company 
was changed to the Allison Experimen- 
tal Company. Work was scarce after 











































see the Allison airplane engine 






James A. Allison — Keen business man and 
wealthy sportsman. He told his protegé 
Norman Gilman, “We are not running this 
shop for profit. Your job is to build the 
best engines possible.” He did not live to 


the war but the shop was never closed. 
Then Jim Allison had Gilman prepare 
a car for the 1919 500-mile Interna- 
tional Sweepstakes. The car won the 
race. After that Jim Allison quit racing 
and sold all his cars to Ruth Law the 
aviatrix who used them in her “plane- 
to-auto” stunting on barnstorming ex- 
hibitions. In the fall of 1919 the name 
of the company was changed to the 
Allison Engineering Company. 

About 1927 the Navy and the Army 
started to give the Allison shop special 
jobs to do. These included rebuilding 
Liberty engines. One of them was re- 
built to use 20 percent benzol mixed 
with the aviation fuel. The idea was to 
thereby increase the horsepower out- 
put of the engine from 450 to 570 horse- 
power. Norman Gilman rebuilt the 
engine which ran under test for 31 
hours and then broke. The connecting 
rod bearings had failed. 

This incident had a far reaching 
effect. Norman Gilman had become 
intensely interested in the possibilities 
of a liquid-cooled airplane engine. The 
air-cooled radial engine appeared to 
him to have definite limitations. He 
reasoned that 500 horsepower would 
be about as big as it would be possible 
to build an air-cooled engine. In this 
he was wrong. But there was also the 
other factor that a radial air-cooled 
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Norman H. Gilman — He pioneered the de. 
velopment of the Allison engine, but in- 
sists that “If it had not been for Jim 
` Allison, there would be no Allison engine: 
today.” He was the first president of the 
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Jim Allison’s shop near the Indianapolis Speedway Track as 


Division—General Motors Corporation. 


engine mounted directly in the wind 
stream, presented a large flat surface 
that imposed a great drag on the speed 
of the plane. A liquid-cooled engine 
inounted inside the plane would offer 
no added wind resistance or drag. Nor- 
man Gilman determined to build a 
1,000 hp. liquid-cooled airplane engine. 

Because the bronze-backed babbitt 
bearings had failed on the Liberty 
engine, Gilman decided that the first 
thing to do was to develop a type of 
bearing that could withstand greater 
loads. This is what led to his inven- 
tion of the steel-backed, leaded-bronze 
bearing, a type of bearing still used 
almost exclusively in all airplane 
engines. The thin bronze welded to the 
steel does not pound out as did the 
babbitt; the more rigid steel backing 
hold the bearing in its circular shape. 
In later years it was the profit from 
the manufacture and sale of the 
patented Gilman bearings that paid 
some of the early development costs 
of the Allison engine. 

It was at about this time that Nor- 
man Gilman needed an assistant chief 
engineer and hired John L. Goldth- 
waite to fill the vacancy. Goldthwaite 
became highly expert in the solution 
at vibrations problems and it was he 
who in later years was mainly respon- 
sible for the development of the in- 
genious means at vibration damping 
now used on the Allison engine. 

But Gilman was unable to proceed 
immediately with his ideas of a 1,000 
hp. engine. Other jobs intervened, and 
then on August 3, 1928, Jim Allison died 
of pneumonia. The executors of the 
estate wanted to get rid of the shop. 
General Motors bought it and for sev- 
eral years continued to operate the 
shop under the name of Allison En- 
gineering Company. Gilman was made 
president. 

Gilman had not given up his idea of 
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a 1,000-hp. liquid-cooled airplane 
engine. But he had a hard time selling 
the idea to others. The experience of 
the Curtiss Airplane and Engine Com- 
pany with the Curtiss V-12 engine was 
discouraging others from attempting 
to develop a high horsepower liquid- 
cooled engine. The Curtiss V-12 Con- 
querer was a water-cooled engine which 
at 20,000 ft. elevation necessarily had 
to operate with a radiator water tem- 
perature less than 160 deg. F. Curtiss 
engineers got the idea of using ethy- 
lene glycol instead of water in the 
radiator and allowing the radiator tem- 
peratures to run up to 300 deg. It 
was expected they would thereby be 
able to step up appreciably the power 
output from its standard rating of 550 
hp. But, although the Curtiss V-12 was 
an excellent 550 hp. water-cooled 
engine, it was a complete failure when 
it was attempted to boost the horse- 
power by using ethylene glycol for 
cooling. 

But in spite of the failure of that 
Curtiss engine, Gilman felt certain that 
he could develop a successful design 
of a 1,000-hp. liquid cooled engine. 
He drew up sketches and made a rough 
design and showed them to Army 
engineers with the suggestion that the 
engine be used in a bomber. But the 
Army was not interested. Не showed 
his designs to Navy engineers and they 
became interested. In November 1931, 
the first liquid-cooled airplane engine 
of 750 hp., 2,400 r.p.m. was ordered 
by the Navy to be built by Allison 
Engineering. This engine was designed 
and built, and delivered to the Navy on 
March 12, 1932. In September of the 
same year the 50-hr. development test 
was completed by the Navy and the 
engine was officially accepted. During 
all of these tests only insignificant de- 
tails in the design were changed. 


The Navy also asked Norman Gil- 
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it appeared in 1916. It is now a part of Plant No. 1, Allison 
Nearby are Plants 2 and 3, one-story buildings, totaling more than 25 acres of floor space 


man to develop similar engines for the 
airships Akron and Macon which were 
powered by German Mayback engines, 
For obvious reasons the Navy did not 
like the idea of being compelled to 
use German engines in United States 
airships. Similar to the first engine, 
the airship engines were to develop 
650 hp., run at 2,400 r.p.m., but were 
to be able to run in either direction 
of rotation. Allison accepted the Navy 
contract to build three of these engines 
and the first one was completed in 
September 1933 and passed its type 
test in September 1934. The other two 
engines were built for the Macon and 
the day they were being packed for 
shipment the news came that the Ma 
con had gone down in the Pacific Ocean. 
For the time being this stopped all fur 
ther work on the development of 
liquid-cooled engines for the Navy. 

While the airship engines were being 
built for the Navy, the Army Air Corps 
became interested in the possibilities 
of a liquid-cooled engine and Allison 
received from them an order to develop 
а 750 hp. engine operating at 2,600 
r.p.m. General Motors agreed to back 
Gilman in the acceptance of this order. 
The engine was designed and delivered 
to fhe Air Corps in June 1933. It ran 
successfully on the preliminary brake 
test for 50 hours without developing 
any trouble. 

The idea was to repeat the tests, but 
in each successive test run the engine 
at increased horsepower output. It was 
expected that by replacing the parts 
that might fail at the higher horsepower 
outputs with redesigned parts of greatet 
strength, a successful 1,000 hp. engine 
would be achieved. 

It was also in the summer of 1933 | 
that there came to Allison Engineering | 
a young man named Ronald M. Hazen 
who had been assistant chief engineer 
for Ranger Aircraft Engine, Inc. ? 
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division of Fairchild Engine and Air- 
plane Corp. Hazen had done notable 
work in the development of the Ranger 
engine, but the depth of the depres- 
sion had left him without a job. Nor- 
man Gilman hired Hazen and put him 
to work on special problems relating 
to designs of engines. In order to 
work out some of these special projects 
more effectively, Hazen was transferred 
to the General Motors Research Labora- 
tories in Detroit. 

As mentioned, the first model of the 
1,000 hp. engine passed its 50-hr. pre- 
liminary test in June 1935 with flying 
colors. But when the tests were con- 
tinued at increasingly higher horse- 
power outputs, everything went hay- 
wire. Vibrations twisted off the crank- 
shaft, crankcases cracked, valves burned 
out, bearings failed, everything failed. 
For a year and nine months, from June 
1934 to March 1936, Gilman and his 
engineers and mechanics worked like 
Trojans but it seemed that everything 
went against them. Gilman finally de- 
cided to completely redesign the engine 
and looked around for an engineer to 
supervise the job. He thought of Ron- 
ald Hazen, Hazen who had put the 
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Ranger 
that he was the man to perfect the 
V-1710, the 1,000 hp. Allison engine. 
In March 1936 Ronald Hazen was 
made chief engineer of the Allison 
Division of General Motors. 
Gilman states it, "Since the very be- 


engine across, and decided 


The way 


ginning of Allison Engineering I 
always held the title of chief engineer 
but when I decided to get Ronald 
Hazen back to head up engineering at 
Allison, I felt that here was the man 
who should succeed me as chief 
engineer.” Gilman’s judgment proved 
to be sound. 

J. L. Goldthwaite became Ronald 
Hazen’s right-hand man. Hazen’s first 
decision as chief engineer was to modify 
entirely the existing design of the 1,000 
hp. engine. On March 7, 1936 Gilman, 
Hazen, Goldthwaite and several other 
engineers started a complete redesign 
of the engine. Between March 7 and 
June 13, 1936 the new engine was 
designed and a model was built and 
delivered to the Army Air Corps, all in 
three months and a week. 

One afternoon in the summer of 
1936 Norman H. Gilman was sitting in 
his office when he received a message 





From inside the sound-proof room test engineers control the engine and through the triple-glass window watch it running. 
te all pressures and temperatures, fuel and oil supply and thus the performance of the engine is determined 





from Wright Field, Dayton, Ohio. The 
engine had successfully run 140 hr. 
and 30 min. As he read this message, 
Gilman felt sure that his great ambi- 
tion had been accomplished, that at 
last his dream of a 1,000 hp. liquid- 
cooled airplane engine was fulfilled. 
He had worked hard, he was past 
middle age, and the terrific pace was 
beginning to tell. In the course of his 
highly successful career he had saved 
enough money to assure him a comfort- 
able retirement. There was no ques- 
tion in his mind that the test engine 
would keep on running for another 914 
hr., which would complete the 150 hr. 
acceptance type test and thereby estab- 
lish itself as the first 1,000 hp. airplane 
engine to pass that test. The time to 
retire had arrived. He called in his 
secretary and dictated his resignation 
which he put in the drawer of his desk 
for signing the next morning. But the 
next morning he learned that shortly 
after the engine had been started again 
to complete the last 915 hours of its 
acceptance test, the cylinder head had 
cracked. Gilman tore up his resigna- 
tion. There was still work to be done. 

Ronald Hazen undertook a detailed 
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study to find out what had caused the 
cylinder head to crack. An exhaustive 


study was made not only of the design 


of the cylinder head but also the mani- 
fold. Out of this there developed a 
manifold of improved design and a cyl- 
inder head that withstood all tests at 


continued high duty. After many tests 
in the Allison laboratory, a new test en- 


gine was built and delivered to Wright 
Field. This time Norman Gilman felt 
so sure of the success of this redesigned 
1.000 hp. engine that he resigned in 
December 1936 and retired. He was 


succeeded by O. T. Kreusser, who in 


September of that year had been trans- 
ferred to Allison from General Motors 
Research. 

Although~it sounds simple to rede- 
sign a cylinder head and manifold, it 


was not until March 23, 1937 that the 
redesigned engine was completed and 
delivered to Wright Field. And Nor- 
man Gilman’s confidence was fully 
justified. Late in April, 1937, the 
U. S. Army Air Corps at Wright Field 
completed the type test on the V-1710 
Allison Engine. It passed the test and 
during that same year a Curtiss single 


engine XP-37 Pursuit plane and a Bell 
Twin Engine XFM-1 Fighter were 


flown with 1,000 hp. Allison engines. 
They performed so well that the Air 
Corps decided to get more of the 
engines to enable them to make more 


extensive service tests. 

In the spring of 1939 the Curtiss 
XP-40 airplane powered by an Allison 
V-1710 engine won the Pursuit Com- 
petition, a competition conducted by 
the U. S. Army Air Corps to determine 
the relative superiority of various types 
of planes and engines. The Allison 
Division—General Motors Corporation 
was clearly in the picture as a produc- 
tion source for military aircraft engines 
particularly adapted to the higher speed 
airplanes needed to provide the United 
States with planes as fast or faster than 
Europe's fastest. 

It was at this point in the history 
of the Allison engine that the tremen- 
dous power of the huge General Motors 
Corporation began to make itself felt. 
General Motors officials as early as the 
spring of 1939 recognized the rapid 
development of war-like conditions in 
Europe. So sure were they that there 
would be a tremendous need for air- 
craft engines that in May 1939 ground 
was broken for a factory and office 
building at the Allison plant in Indian- 
apolis, with a total floor space of 
360,000 sq. ft. Machine equipment 
and tools were immediately ordered for 
this expanded factory. And one month 
later Allison Division—General Motors 
Corporation received a contract from 
the Army Air Corps for engines. Pro- 
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duction was started in February 1940. 
As was to be expected, when the 


Allison engines began to be installed 
in the U. S. Army Air Corps airplanes, 


various troubles developed. For ex- 
ample, although the engine installed in 
the Curtiss XP-40 plane which won the 
1939 Pursuit competition functioned 


perfectly, when the same engine was 
mounted in another Curtiss XP-40 


the crankshaft bearings failed in a 
short time. Irresponsible newspaper 
reporters, blamed the failure on the 
engine. But the fact was that the 


failure was caused by changing the 
position of the oil line running from 
the lubricating oil tank behind the pilot 
to the engine in front of him. In 
the first plane, this line was carried 
over the wing, while in the second 
plane the line was carried under the 


wing and larger tubing was used. The 
new position of the lubricating oil line 
permitted air to get in the oil line when 
the plane was put through quick ma- 
neuvers. And after the plane leveled 
off, the volume of air in the larger oil 
line was so great that the oil pump 
could not pump it out quickly enough 
to give the bearings the needed oil 
before they burned out. Yet no one 
could have foreseen this difficulty. And 
a simple change in the design of the oil 
tank cured the trouble. 

Similarly in another installation the 


breather pipe in the crankcase was 
shifted a distance of about 8 in. in 
order to make room for a part of the 
plane structure. No one gave it much 
thought because it was such a minor 
change. But it happened that the new 
position of the breather pipe was such 
that it permitted cold air to blow into 
the crankcase directly upon the thrust 
bearing. Deprived of oil and with a 
stream of moist air constantly imping- 
ing upon it, the bearing began to rust 
and soon failed. Here again the design 
of the engine was blamed and Allison 
was held up to ridicule by an unin- 
formed press. 

On a later occasion the Army Air 
Corps decided to make changes in the 
ratings of Allison engines. Whereas 
the Allison V-1710 engine with a super- 
charger develops 1,200 hp. at 20,000 
ft. elevation, without a supercharger 
this same engine develops only 900 
hp., which is entirely natural because 
of the reduced weight of air and fuel 
fed to the engine cylinder in the rare 
atmosphere at 20,000 ft. Apparently 
the Army Air Corps decided that 
they would specify the Allison V-1710 
engine without supercharger as a 
900 hp. engine. Irresponsible news- 
paper men made capital of this with 
a bold heading to the effect that “be- 
cause of engineering difficulties” the 


Army Air Corps had reduced the horse- 
power rating of the Allison engine 


from 1,200 hp. to 900 hp., a ridiculous 
statement in the light of the facts, 


As all engineers know, in every new 
development there are bound io be 
some weaknesses. Considering the 
culties and complex problems in the 
design of a 1,000 hp. engine of mini. 
mum weight and an entirely new cool. 
ing system and the problems of 
coordinating the engine and plane 
characteristics, the speed with which 
the Allison engine reached its present 
high degree of perfection is a remark. 


able engineering performance. 


When in the spring of 1939 General 
Motors Corporation definitely com- 
mitted itself to the production of air. 
plane engines, it immediately con. 
centrated the tremendous powers of its 
far-flung organization on the task of 
putting the Allison Division on a mass 
production basis in the shortest pos 
sible time. Under O. T. Kreusser, gen. 
eral manager of the Allison Division, 
production facilities and personnel 
were expanded rapidly. Many of Gen. 


eral Motors most experienced produc 


tion executives were transferred to the 
Allison Division. W. H. McCoy of the 
General Motors Research Division, 
Detroit, was assigned the responsibility 
for tooling and planning. W. G. Guth- 
rie, formerly works manager of the 
Opal Division of General Motors be 
came works manager in June 190. 
B. Conway, general master mechanic 
at the Pontiac Division arrived in 
March 1940, to become superintendent 
of Plant No. 3. He is now general 
superintendent of production at Alli 
son. C. M. Jessup, production manager 
of the Delco-Remy Division became 
manager of the Materials Control De 
partment of Allison. R. E. Smith, 
formerly inspection superintendent of 
A. C. Spark Plug became chief inspec- 
tor. C. A. Riddell, formerly manufac- 
turing expense analyst. of General 
Motors Overseas Division in New York 
was appointed standards superinten 
dent, and F. C. Tykle, formerly 
assistant superintendent of Plant No. 
2 of Delco-Remy became plant engineer 7 
at Allison. T. S. McCrae was promoted 
from field engineer to assistant chief 
engineer, and R. E. Lynch, formerly | 
product engineer at the Diesel Engine 
Division of General Motors became © 
assistant to Ronald Hazen. Ож 
Macker and Jack Gorden of Cadillac. 
John Dolza of Buick, and many other | 
highly experienced design and produc 
tion engineers in the vast General 
Motors Corporation came in from 
directions, key men around whom wi 
built with amazing speed and efficient) | 
an organization of thousands of em | 
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ployees. Only a large corporation like 
Genera! Motors could have done it; 
only a far flung organization that had 


within itself the talent required. In 


August 1940, further expansion and 


more intensified production was de- 
manded. F. C. Kroeger, general 
manager of Delco-Remy Division and 
considered one of the most successful 


manufacturing managers of General 


Motors, was appointed general man- 
ager of the Allison Division. О. Т. 
Kreusser continued as president of the 
Allison Company and also 

director of service and training. 


Besides the talent assembled from the 
various General Motors Divisions, many 


employees of the original Allison Com- 
pany have continued in the service. 
C. C. Anderson who was assistant su- 
perintendent is now superintendent of 
the experimental machine shop of the 


engineering department. George Zink, 


who took a large part in the develop- 
ment of the bearings is now manager 
of Plant No. 1 which is devoted en- 
tirely to the manufacture of these bear- 
ings. 

In addition to speeding production 
by rapidly building the Allison organi- 
zation, further speed was gained by 


became 


b 
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assigning various General Motors 
Divisions to build parts. Cadillac was 
given the job of turning out connect- 


ing rods and crankshafts; Delco-Remy 


furnishes small parts and accessories. 
To Norman H. Gilman who in 1940 


was voted by his associates to be 
honored by the American Manufac- 
turers Association as a “Modern 


Pioneer on the Frontiers of American 


Industry” goes the credit for having 
conceived and developed the design of 
the Allison engine. But the whole 
undertaking was vastly greater than a 
one man job. As Norman Gilman 
pointed, “I cannot tell how I got any 


particular idea. You talk to one man 


and that starts you off on another 
track. Bye and bye your thoughts start 
crystalizing and finally you get a 
definite idea. But I do know that if it 
had not been for Jim Allison I would 


never have built that engine.” 


That is undoubtedly true. And so it 


is that into the development of the 
Allison engine went the spirit of Jim 
Allison and his associates, the men 
with whom Norman Gilman came in 
contact. Many of them were the out- 
standing men of their time, men who 


were laying the groundwork for the 


world’s greatest industry—the Ameri- 
can automobile. Arthur Newby of 
National Motor Car and Vehicle Cor- 


poration, optimist Carl Fisher whose 


eyes sparkled like diamonds when he 


got a big idea, Frank Wheeler of 
Wheeler Schebler Carburetor Company, 
daredevil Barney Oldfield and colorful 
Eddie Rickenbacker, Johnny Aiken, Joe 


Dawson, these and many others set the 


tempo of the period when the Allison 
engine idea was born and undoubtedly 
made their imprint on the mind of 
Norman Gilman. 

But when the Allison engine idea 


had grown into a definite production 


project, it was only the tremendous 
power of a far flung organization that 
could have put it across. No small 
organization could have financed the 
project, could have furnished the re- 
search facilities required, would have 
had available the kind of engineering 
and manufacturing talent needed. The 
men of General Motors can well be 
proud of the job they have done. And 
to Norman H. Gilman goes the hap- 
piness, satisfaction and honor of hav- 
ing pioneered the creation of the 
world’s finest and most powerful liquid- 


cooled airplane engine. 
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Allison-powered Curtiss P40 advanced pursuit planes are unusually fast, highly maneuverable and well armed. They are 
emg produced in large numbers for the U. S. Army Air Corps by the Curtiss-Wright Corporation at its Buffalo, N. Y. plant 
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Modern Designs 


Sheet Metal Stretching Press 


Air Clamps 


Hydraulic 
table speed 
contro/ levers 


Hydraulic 
units 


Hydraulically - operated presses 
for stretching metal sheet into double 
curvatures have been developed by the 
Engineering & Research Corporation. 
The presses were developed primarily 
for the aircraft industry to be used for 
forming wing and fuselage coverings. 
Sizes of presses range from a 75-ton 
single cylinder to the 300-ton double- 
cylinder machine shown above. The 
metal sheet is held at two opposite 
edges by air clamps mounted on heavy 
welded beams which can be set parallel 
to each other (24 to 80 in. apart) or to 
any included angle up to 20 deg. Cen- 
ter table is moved vertically by two 
hydraulic cylinders in which the pres 
sure can be varied from 0 to 3,000 Ib. per 
sq. in. and the speed of piston travel 
from 0 to 10 in. per min. depending on 


load. Combination of machines is pos 


sible for greater capacity. The two 3(0- 
ton machines at left are coupled. 
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Two individually motor-driven, 
variable-delivery radial piston pumps, 
one for each hydraulic cylinder, are 
mounted on a common foundation at 
one end of the machine. Pushbuttons 
on the portable electric control panel 
start and stop the motors but the rate 
of speed at which the plungers move 
and the direction, up or down, is con- 
trolled by a pair of levers which can 
be Placed at three different operating 
positions. These levers are connected 
to cables which actuate the pump shift 
lever extension thereby controlling the 
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Check valve 


volume of oil delivered to the cylinders. 
Turnbuckles are provided to maintain 
tension in the cables. Since the speed 
of operation is controlled by varying 
the stroke and thereby the delivery of 
the pump, the control must be more 
sensitive than the lever control permits. 
For this reason the pumps are equipped 
with a hydraulic follow-up which oper- 
ates as follows: as the pump control 
lever is shifted to one side or the other 
of the neutral position the control 
spindle is moved a proportional amount 
to one side or the other of its neutral 


-High-pressure 
gage 


' Motor-driven 


-Pressure unloading 
valve remotely 
controlled 


Cross-beams are moved by li!ó-hp. 
special high torque geared motors 
mounted at the end of the supporting 
I-beam. Cross-section at left shows 
motor driven screw and ball bearing 
mountings. Jaws of clamps are air actu- 
ated, and are forced against sheet by 
angular position of plates in back of 
rollers as jaws move upward. Screw 
bearing housings are packed in a high- 
grade acid-free ball bearing grease of 
No. 2 consistency, Texas Company Star- 
fax No. 2, or equivalent. Screws are 
lubricated by hand with heavy oil. 
Table pins and table guide are lubri- 
cated through Zerk fittings. 


7¬ “Sequence valve 
J Vickers Na RC-/06-Z-2l 
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position. This admits oil under pres- 
sure to one side or the other side of a 
piston which, in turn, moves a corre- 
sponding amount in the same direc- 
tion as that of the control spindle, 
thereby causing the pump to vary its 
stroke in accordance with the move- 
ment initiated by the small control 
spindle. The pressure oil for the con- 
trol circuit is furnished by a small gear 
pump driven directly off the main 
pump. Oil reservoir is fitted with fine 
mesh strainer. Four magnetic plugs 
give additional protection to pumps. 
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MODERN DESIGNS - Welded Parts For Guns 


Cradle for gun recoil mechanism 
was formerly machined from a solid 
forged billet; the markings on the end 
of one of the forgings shows the metal 
which remained after machining. A 
portion of the finished cradle made of 
a forging is shown at the right. This 
cradle has now been redesigned and as 
manufactured at the Rock Island Arse- 
nal consists of separate cylinders, yokes 
and guides assembled by welds and 
bolts as shown below. 


Advantages of the new design are 
several. With the one piece cradle a 
defect which developed when the piece 
was near completion compelled rejec- 
tion of the entire unit and consequent 
loss of all machining time up to that 
point. With the separate components 
rejections affect only the individual 
parts. This advantage also holds in re- 
pairing or reconditioning the recoil 
units. New parts can be installed where 
necessary without the need of scrapping 
the entire cradle. Another important 


Trails of the 155 mm. gun carriage, 
formerly riveted girders, are now made 
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consideration was that because of the 
size of the forging billet the forgings 
could be made only in the few shops 
that have large capacity machines. The 
present assembly can be manufactured 
in shops not equipped with special forg- 


of welded low alloy steel with conse- 
quent reduction in weight and cost 


ing machines which is of particular 
advantage in time of emergency. Ele. 
vating arc is formed of two pieces of 
flat steel plate and one curved section 
welded together, gear teeth being cut 
after welding. 


Elevating 
Arc 


while providing new features not avail- 
able in the original design. 
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Fermed sheet, bar stock, tubing and 
forgings are assembled by arc welding 
to make a gun carriage axle. Axles are 
stress relieved after assembly. Cold- 
drawn tubing used for the axle can be 
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Col d drawn 
tubing . 


finished from the rough to desired di- 
mensions in a centerless grinding ma- 
chine, thus eliminating other machin- 
ing operations. These axles are of a 
new type for the revised 75 mm. gun 


i 


and perform multiple functions not re- 
quired of the old axle. Part A supports 
the wheel spindles at the end of the 
axle; split trails hinge at B; top of 
firing jack is hinged on part C. 
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MODERN DESIGNS - Simplified Diesel Engine Design 


Lat 


Special emphasis was placed on 
simplicity of design in the development 
of the new Model VO De La Vergne 
Diesels, with particular reference to 
maintenance and overhauling. To this 
end, the number of bolts for fastening 


Bedplate of the Model YO, 
is welded steel, semi-circular shape 
and reinforcements giving it exceptional 
rigidity. Heavy transverse webs sup- 
port the main bearings, the caps of 


228 


parts that require frequent disassembly 
was reduced to a minimum, the neces- 
sity for high accuracy in the position- 
ing of parts was largely eliminated 
and provisions were made to simplify 
all necessary adjustments. Removable 


which are secured to the bedplate by 
internal through bolts. Cylinders are 
1234 inch bore, stroke is 15% inches. 
All main bearings are adjustable by 


means of laminated shims. The bearing 


cylinder liners are held by the cylinder 
head at the upper end, the lower end 
being free to expand longitudinally. A 
rubber ring around the lower end of the 
liner serves as a seal between the liner 
and frame. 


adjacent to the flywheel is longer than 
the other to take care of the greater 
load upon it, and is flanged to serve also 
as a thrust bearing to locate the longi- 


tudinal positioning of crankshaft. 
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Chain drive to the camshaft makes it 
unnecessary to maintain parallelism 
with the crankshaft to a high degree of 
accuracy, as would be required for a 
gear drive. Chain tension is adjusted by 
means of the idler mounted eccentric- 


ally. The camshaft bearing and fol- 
lower guide block are accurately ma- 
chined pedestals which are bolted to 
the frame. They are readily aligned 
with the cam and crankshaft but their 





Socket-end hollow push rod 
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positioning need not be highly accurate 
either longitudinally or laterally. The 
ball and socket end connections of the 
tubular valve push rods permit consider- 
able freedom in the positioning of the 
camshaft pedestals. They are also dow- 
eled after alignment. This design also 
eliminates most of the highly accurate 
machining that would be required with 
conventional push rods and a gear drive 
to the crankshaft. 



















Older model De La Vergne Diesel 
had cast coverplates which required 
machining on both faces and drilling 
and a gasket cut for the studs. Each 
cover required 8 or 12 studs and nuts. 
In the new Model VO, the coverplates 
are stampings with curved lips that 
lock with the flued openings in the 
welded cylinder frame. Each pair of 
coverplates is held by an arm that is 
held at its center by one stud and nut. 
Only a simple ring gasket that fits in 
the curved lip of the coverplate is re- 
quired. There is no machining on the 
coverplate. 


The cylinder frame is entirely welded 
of flame cut plates and shapes. 


For engines up to 450 r.p.m. the 
pistons are annealed alloy cast iron, for 
higher speeds the pistons are aluminum 
alloy. Connecting rods are forged alloy 
steel, heat-treated. The crankpin bear- 
ings are steel backed babbitt, centrifu- 
gally cast and fitted with laminated 
shims to adjust clearances. The bearing 
at the wrist-pin end is a one-piece 
bronze bushing. 


Pressure lubrication is furnished by 
a gear-type pump. The oil is drawn 
through a strainer and is delivered to a 
main lubricating oil header after pass- 
ing through a filter and oil cooler. 
Branch pipes distribute the oil to the 


main bearings and then through drilled 
passages in the crankshaft and connect- 
ing rods to the wristpins. Cylinders are 
lubricated by oil thrown from the crank- 


vin bearings. 
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MODERN DESIGNS - Pressed Steel Gears 


Stampings replace castings in the new Jacobsen all- 
steel lawn mower for such parts as the wheel and its internal 


gear which drives the reel, pinions, bearing races and other 


parts. Wheels are rubber tired and molded rubber grips are 
used on the tubular steel handle. Cutter bar is hardened 
chrome nickel steel. Crucible steel bladed reel is balanced 
and mounted on adjustable ball bearings. 


Internal teeth of pressed steel drive wheel are made from 
flat strip steel which is formed in ridges, cut to length equal 
to desired circumference and butt welded at joint. The 
internal gear is then case hardened after which it is peened 
into place inside the comparatively soft wheel stamping. 
This is a press operation. Pinions are made of eight identical 
stampings, case hardened, held together by two end stamp- 
ings and three rivets. Two halves of wheel are riveted to- 
gether in one punch press operation after the tire has been 
put in place, thus making for simple and rapid assembly. 
Split bronze bushings are rolled into place as the last opera- 
tion on the wheel. 
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Formerly made of die-cast and 
stamped aluminum the Dazey juice ex- 
tractor has been redesigned by George 
Moeller, chief engineer, and Barnes & 
Reinecke, to be molded in Bakelite 
polystyrene by Injection Molding Com- 
pany. Metal parts which do not contact 
the juices are: insert for mounting on à 
universal wall bracket which is molded 
directly into the cup; a small V-shaped 
spring which holds the reamer on the 
axle, the rotating axle and a shaft for 
the handle. Plastics permit sales appeal 
through colors, and are odorless, taste 
less and easy to clean. 
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BALL and ROLLER BEARINGS-II 
Method of Selection 


HEN selecting a ball, roller 
or needle bearing it is neces- 
sary to reduce all calculations 


to an equivalent standard for compari- 
son. Manufacturers' catalog ratings are 
based upon different test methods and 
lengths of expected life—factors which 
lead to wide variations in catalog load 
capacity ratings for the same type and 
size of bearings of different makes. The 
calculation of theoretical bearing loads 
generally presents no problem and by 
analyzing shock and service conditions 
and selecting suitable multipliers as 
described in “Ball and Roller Bear- 
ings," P.E., Jan. 1941, pages 13-15 and 
47-48, the required catalog rating can 
easily be computed. 

However, the load calculation be- 
comes more complex where the bear- 
ings are to operate at varying loads 
and speeds. Such conditions exist in 
machine tool applications, automotive 
transmissions and axles, roll stands, 
rotary pumps. For reasons of economy 
it is not always feasible to assume 
maximum speed and load as a basis 
for selection since this would lead to 
large and costly bearings. 

As long as it is possible to make a 
reasonable assumption for the different 
loads and for the speeds at which these 
loads prevail, the following formula 
can be used to calculate an average 
effective bearing load Pa» exerted at an 
assumed average speed Na»: 


N Ne 
Pa, = E e Ре + (3) P 
з, +. Жи (3) P,? I (1) 





where 
P,, — average effective load in lb. 
T, Fa etc. = fractional part of total bear- 


ing life during which loads 
P,, P,, etc. prevail 
N,, N, etc. = speeds corresponding to 
loads P, Pa, etc. 
Na, = arbitrarily selected average oper- 
ating speed in r.p.m. 
X — exponent determined by the manu- 
facturer, ranging between 3.0 and 
3.33. A suitable average is 3.2. 


By multiplying Pa» thus calculated 
with the necessary safety or service 
factor, the required bearing rating at 
average speed Nas for the required 
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bearing life will be found. It is now 
necessary to reduce the required rating 
to the same basis of hours expected 
life as is used by the manufacturer. 


This is done by the modified formula: 


z 
и-н) (2) 


where P. is catalog load rating in lb., 
for an average life of He upon which 
manufacturer's load ratings are based; 
and H is the hours actual life. It is then 
only necessary to select from the manu- 
facturers’ load tables a bearing whose 
catalog rating is approximately the 
same as the required rating. 


Selection Procedure 


l. Compute average effective bear- 
ing load Pas from Formula (1). 

2. Analyze service conditions; select 
type of bearing required. See P. E., 
Jan. 1941, p. 47—48. 

3. Select shock load factor required 
under service conditions; multiply it 
by Pas as computed in step (1). 

4. Compute load conversion factor 
"V H/H,., from Formula (2). Multiply 
by load from step (3). Result is re- 
quired catalog rating at speed Nav. 
Different factors must be applied when 
comparing bearings of different makes. 

5. Select bearing size from catalog. 

The following typical examples cov- 


Needle bearing chosen 
| for rigidity. oad capacity 


Limited radial space 


necessitates eliminating | and shock resistance 
inner races-> д | 
/ 
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ering all types of modern ball and 
roller bearing applications show how 
this selection procedure can be applied: 


Hydraulic Pump 


A typical modern rotary gear pump 
is shown in Fig. 1. These pumps use 
double helical pump gears which elim- 
inate axial gear thrust almost entirely, 
making it possible to dispense with 
bearings having thrust carrying capac- 
ity. It would be somewhat difficult to 
mount thrust bearings so delicately ad- 
justed as to relieve the gear faces of 
their function as axial stabilizers. From 
a consideration of the operating condi- 
tions of hydraulic pumps, it will be 
seen that load carrying capacity, shock 
resistance and rigidity are of principal 
importance. 

The pumps may be operated under 
hydraulic pressures up to 500 lb. per 
sq. in. producing radial loads which 
must be supported in a limited radial 
space. This limitation makes it neces- 
sary to dispense with separate inner 
races. Hardened shafts and lubricating 
oil used as hydraulic fluid make this 
possible. 

While helical gears produce smooth 
mechanical meshing with smooth oil 
flow, the bearing loads change contin- 
ually even at steady hydraulic pressure. 
There is also the possibility of hydraulic 


Note how rofor surface 
exposed fo pressure varies 
as teeth pass ports 








| Oil under 
> full pressure 
» | 


| 
Section A-A 


Fig. 1—Needle bearings without inner races are chosen for this gear pump 
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shock from the control, from delayed 
relief valve opening or from air. 

Bearings of maximum rigidity are re- 
quired; heavy radial loads tend to de- 
flect the shafts, and this deflection is 
less with long rollers than with short 
ones. Reduced shaft deflection means 
reduced rotor clearances and hence 
increased volumetric efficiencies. There 
are no problems of high speed. For 
pumps with 34 in. dia. shafts the maxi- 
mum speed is 1,750 r.p.m. and for 
larger shaft diameters 1,140 r.p.m. 

All of these considerations point to 
needle bearings as the logical choice. 
For the selection of correct bearing 
sizes, make the arbitrary assumption 
that the pumps will operate at maxi- 
mum pressure of 500 Ib. per sq. in., at 
250 1Ь. рег sq. in. and at 50 Ib. per 
sq. in. each during one third of the 
total life. Operating speed will be 
1,750 r.p.m. 

Each pump rotor has 1.6 in. face and 
134 in. O.D. Its developed surface ex- 
posed to hydraulic pressure has a chord 
varying from 1 in. to 144 in. as the 
teeth pass the pump ports. At 500 Ib. 
per sq. in. the total load on each of 
the two bearings therefore varies from 
400 to 500 lb. or averages 450 lb. At 
250 lb. per sq. in. and 50 Ib. per sq. in. 
the bearing loads average 225 lb. and 45 
lb. respectively. The average effective 
bearing load P,. from Equation (1) is 
calculated at constant speed (1,750 
r.p.m.) as 325 Jb. 

Since the performance of a hydraulic 
pump depends upon the ability of the 
bearings to support the rotors without 
breakdown or wear, long life expectancy 
is imperative; 10,000 hr. of minimum 
life or about 3 years can be considered 
as satisfactory. 

The required load rating of 10,000 hr. 
is found by multiplying the average 
bearing load of 325 lb. by 2.41, the 
load conversion factor, "V H/H, to 
change the minimum life expectancy 
from 10,000 hr. to 600 hr., upon which 
the needle bearing ratings are based, 
and by the shock factor of 1.5. This 
gives a required bearing catalog rat- 
ing of 1,175 lb. at 1,750 r.p.m. 

The needle bearing selected, with a 
catalog rating of 1,330 lb. at 1,750 
r.p.m., is quite ample. At the normal 
operating speed of 1,140 r.p.m. the load 
rating of 1,465 lb. will provide a mini- 
mum life expectancy of about 22,000 hr. 
—6 to 7 years of safe operation. 


Milling Machine Spindle Head 


A good example of bearing selection 
for modern machine tools is the spindle 
head of a typical plain milling machine. 
Fig. 2 shows a section through arma- 
ture shaft and spindle drive mechanism. 
The selection of bearing sizes has been 
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based on a minimum life expectancy 
of 10,000 hr., which is the standard 
practice of some leading machine tool 
manufacturers. 

SPINDLE Motor ARMATURE SHAFT— 
For the analysis of the factors underly- 
ing the selection of the two armature 
shaft bearings A and B, it is first neces- 
sary to consider the load. Assume that 
the motor is always operating at full 
3 hp. load at a synchronous speed of 
3,600 r.p.m. A load on pinion bearing 
A of 142 lb. and a load on rear bearing 
B of 45 lb. can be calculated. 

Vibrations due to possible slight 
armature unbalance, from the pinion, 
from the mechanical brake and from 
the viscosity switch may cause some 
shock. The axial length of the bearings 
should be limited to reduce overhung 
loads and shaft deflection. The bear- 
ings should operate with a minimum 
of friction at the comparatively high 
shaft speed and they should compen- 
sate for slight misalignment caused in 
boring the housings. 

For the pinion bearing A there is the 
additional requirement of axial shaft 
stabilization in both directions. Also, it 
should be shielded to prevent gear case 
lubricant from splashing into the bear- 
ing. The bearing choice is therefore a 
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single-row ball bearing with dee, 
groove raceways, double shields and an 
oil flinger to prevent oil from leaking 
into the armature. 

For the rear bearing B at the brake 
end a single-row ball bearing is also 
the evident choice. There is no thrust 
and the bearing is mounted to permit 
axial float. A flinger prevents excess 
oil from fouling the armature. 

Multiplying the calculated pinion, 
bearing load with a shock safety factor 
of 2, a bearing rating of 285 Ib. re. 
quired for 10,000 hr. of minimum life 
expectancy is obtained. The bearing 
selected from the manufacturers cata. 
log has a rating of 655 lb. at 3,600 
r.p.m. for a 1,000 hr. minimum life ex. 
pectancy, and from Equation (2) a 
rating of 325 lb. at 3,600 r.p.m. for a 
10,000 hr. minimum life expectancy. 

The choice of the rear bearing B is 
a medium series. While a considerably 
smaller bearing would have served as 
well, there is a decided advantage in 
specifying both bearings with the same 
shaft and housing dimensions. Further- 
more the medium series of bearings se- 
lected is less subject to damage in 
mounting. 

The considerations for the selection 
of the small bearing C inside the me- 
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Fig. 2—Varying speeds and loads are present in milling machine spindle drives 
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chanical brake shown at left are 
primarily low starting friction, a cer- 
tain thrust capacity and self-contained 
design. The choice is therefore a radial 
single-row ball bearing, shielded to re- 
tain lubricant. 

INTERMEDIATE SHAFT—An investigation 
of the loads imposed on the bearings 
discloses a considerable range at the 
same speed of 642 r.p.m. depending on 
the ratio of the change speed gears 
used. This load range is particularly 
evident at the outboard bearing D near 
the change gear, where there is an in- 
crease due to the overhanging gear and 
close spacing of bearings. 

The shock effect due to spur teeth 
and the relatively loose spline fit of 
change speed gears must be taken into 
account when making the selection of 
suitable types and ratings. 

These factors, as well as shaft rigid- 
ity, point to the selection of cylindrical 
or tapered roller bearings. Since axial 
loads are negligible and stabilization 
is accomplished satisfactorily by plain 
washers, cylindrical roller bearings are 
the logical choice. 

The bearing load calculations, if 
based upon the assumption that maxi- 
mum loads prevail during the entire 
expected bearing life, would lead to 
excessive bearing sizes. It is therefore 
advisable to make assumptions for the 
prevalence of bearing loads. 

In order to calculate the substitute 
bearing load Pas from Equation (1), 
assume that during the desired life of 
10,000 hr., 2,500 hr. will be at maxi- 
mum load, 2,500 hr. at minimum load, 
and 5,000 hr. at an average load (pro- 
duced when intermediate and spindle 
drive shafts operate at 642 r.p.m.). 

With a normal 3 hp. motor load there 
is a constant torque of 295 in.,-lb. at the 
constant shaft speed of 642 r.p.m. At 
the minimum spindle speed the calcu- 
lated load on outboard bearing D is 600 
lb., at the maximum spindle speed 150 
lb. and at average spindle speed 225 Ib. 
The corresponding loads at the inboard 
bearing E are 167 lb., 1 Ib. and 30 Ib., 
respectively. 

For bearing D we therefore obtain 
from Equation (1) P,, — 372 lb. The 
rating of the bearing selected from the 
catalog for this location at 642 r.p.m. 
is approximately 1,000 Ib. for an aver- 
age life expectancy of 5,000 hr. or about 
1200 hr. minimum life expectancy. 
From Equation (2) we obtain for 10, 
000 hr. minimum life expectancy a load 
raung of 530 lb. The shock safety fac- 
tor of 530/372 = 1.43 is satisfactory. 
_ Selection of the inboard bearing E 
ls based on a similar procedure, and 
Pw is calculated as 101 Ib. The rating 
of the selected cylindrical roller bearing 
at 642 r.p.m. is approximately 500 Ib. 
for 1,200 hr. minimum bearing life 
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Fig. 3—Bearings in portable saw have minimum friction over wide speed range 


expectancy or about 265 lb. for 10,000 
hr. minimum life expectancy. The shock 
safety factor of 265/101 — 2.62 is am- 
ple and would justify a smaller bear- 
ing, but smaller shaft size would reduce 
rigidity. 

SPINDLE Drive SHAFtT—The analysis of 
loads and speeds discloses a wide range 
of both. A tabulation of the loads and 
speeds is given below. The loads for 
the pinion bearing F are equivalent to 
radial loads for combined radial and 
thrust loads, the latter resultant from 
the helical bevel gear. 


SPEED Loan Loap 


r FROM 
R.P.M. F G EQUATION (1) 
123  3,900]1b. 1.150 1b. 0.25 
3,267 158 Ib. 111 Ib. 0.25 
642 1,027 lb. 255 Ib. 0.50 


Due to pinion overhang the radial 
load on the bearing F is increased and 
the tendency for shaft deflection is in- 
creased. The overhung change speed 
gear also causes increased radial loads 
on outboard bearing G. The shock ef- 
fect from the two overhanging gears 
is pronounced. All these considerations 
point to the choice of rigid roller bear- 
ings. 

For bearing F we find from Equation 
(1) the substitute load P,. at the as- 
sumed average speed of 642 r.p.m. as 
follows: 


eS ae 
Pa, = үо > (ж 3,900*? 


ЭИ „с 
ж 
= 1,660 lb. 

For the pinion bearing F in which 
thrust in both directions due to spindle 
reversals must be supported, two tap- 
ered roller bearings are chosen from 
the catalog. The two bearings selected 
have a combined radial load rating of 
3,320 lb. at 642 r.p.m. with a minimum 
life expectancy of 3,000 hr. or about 
2,220 lb. rating at 10,000 hr. minimum 
life expectancy. The shock safety factor 
is 1.34. 





6 
+ 0.5 5 1,0272 


Similarly for bearing G we find Pa» 
at 642 r.p.m. to be 422 lb. For this bear- 
ing the cylindrical roller bearing with 
extended inner race is selected from the 
catalog. The load rating of this bear- 
ing is 1,625 lb. at 642 r.p.m. for about 
1,200 hr. minimum life expectancy, or 
calculated from Equation (1) about 
850 lb. for 10,000 hr. minimum life 
expectancy. The shock safety factor of 
2.02 is ample and a smaller bearing 
might be chosen if a smaller shaft di- 
ameter were possible. 


Portable Electric Saw 


In Fig. 3 is shown the Stanley Elec- 
tric Tool Company W-60 portable wood 
saw, with a 6-in. blade and a capacity 
of cutting up to 2 in. lumber. For the 
selection of suitable bearings the fol- 
lowing assumptions can be made. The 
loads imposed will be based on full 
motor torque. With an average bearing 
life of 3,500 hr. the bearings will prob- 
ably be good for a service life of over 
3 years, since portable saws are not 
used for continuous service nor for 
maximum lumber thickness. 

For the selection of suitable types the 
principal requirement is minimum fric- 
tion over a wide range of speeds. This 
is important because the torque output 
of universal motors is limited. There 
also is the requirement of slight self- 
alignment and thrust carrying capacity. 
Also, built-in felt seals for the armature 
bearings and for the bearing near the 
saw blade are necessary. These require- 
ments point to a single-row deep groove 
radial ball bearings as a logical choice. 

The motor at full load develops 1 
ft.-lb. torque at 2,620 r.p.m. The no-load 
speed of the motor is 17,900 r.p.m., 
hence the requirement for high speed 
performance of the bearing. The worm 
gear has a 5.33:1 ratio and a helix angle 
of 15 deg. 21 min. The worm bearing 
of the armature shaft, which carries 
both radial load and worm thrust, is 
subjected to 135 lb. calculated equiva- 
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lent radial load. With a shock factor 
of 1.5 the required load rating is 203 
lb. at 2,620 r.p.m. The bearing selected 
from the manufacturer's catalog has a 
rating at this speed of 210 lb. 

The rear bearing of the armature 
shaft, a ball bearing, has only the 
function of a heavy bearing subjected 
to about 15 lb. radial load. The rating 
of this bearing being also 210 lb. at 
2,620 r.p.m., a smaller bearing could 
be used if a reduction of the shaft diam- 
eter were desirable. 

The wormwheel thrust on the saw 
arbor is carried on the inboard bearing 
while saw stabilization in the other di- 
rection is provided in the outboard bear- 
ing. The radial loads on the saw arbor 
are calculated with the assumption of 
a maximum saw resistance in the direc- 
tion of the cut of 40 lb. corresponding 
to the limit of manual feed pressure. 

Because of shocks due to the action of 
the saw, possible nails in the wood, and 
saw unbalance, it is necessary to use 
the exceptionally high safety factor of 
4 in computing the load ratings. The 
calculated equivalent radial load of the 
inboard bearing is 134 lb. The required 
load rating is 4 X 134 = 536 lb. The 
rating of the bearing chosen is 550 lb. 
at 490 r.p.m. and 3,500 hr. average life. 

The calculated radial load of the out- 
board bearing is 103 Ib. at the full load 
speed of 490 r.p.m. With a safety fac- 
tor of 4 the required load rating be- 
comes 412 lb. and the selected bearing, 
with 410 lb. capacity at 490 r.p.m. and 
3,500 hr. average life expectancy is 
satisfactory. 


Sheet Metal Cutting Shear 


The bearing installation chosen here 
is for the lower shear head of a Stanley 
Electric Tool Company Model B Uni- 
shear. This machine is used for shearing 
sheet steel (up to 14 in. boiler plate) 
along straight or curved lines. 

The bearings shown in Fig. 4 support 
an eccentric shaft operating at 1,200 
r.p.m. which in turn carries an oscil- 
lating rocker for the actuation of the 
shear blade. 

In addition to the shearing resistance 
imposing considerable bearing loads, 
there are the inertia loads from the re- 
ciprocating rocker and connecting rod 
parts. On the eccentric bearings proper 
there is the additional effect of centrif- 
ugal and oscillating forces on cages and 
rollers. These requirements clearly 


point to the choice of tapered roller 
bearings in pairs, adjustable to elim- 
inate all play. 

Shears of this type are rarely in con- 
tinuous service. Also the bearing loads 
vary greatly because of the variety of 
sheet metal gages handled and because 
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of the change in cutting speeds. By us- 
ing maximum estimated bearing loads 
and choosing bearings with a minimum 
life expectancy of 3,000 hr., service will 
be from 3 to 5 years. 

The actual load on the rocker when 
cutting soft 14-in. steel at the maximum 
feed of 15 ft. per min. is approximately 
2,500 1Ь.; for 3% in. steel about 1,750 
lb.; and for ¥%-in. steel about 1,250 1b. 
To this must be added about 250 lb. due 
to inertia forces resulting from unbal- 
anced high speed reciprocation. 

To determine an equitable substitute 
bearing load Pa», assume that the shear 
will handle l4-in. 4^M-in. and g-in. 
sheet steel, each thickness during one 
third of its total operating life. The load 
per bearing, Pa, is then calculated as 
995 ]b. 


In view of the oscillating character 
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of the load and the possibility of con. 
siderable shock, an ample shock factor 
must be used. For the two outside bear. 
ings the shock factor required is 2.5 
while for the eccentric bearings the 
safety factor used is 3.5 because of the 
added highly destructive effects of the 
gyration of rollers and retainers. 

The necessary rating of each outside 
bearing is therefore 2.5 X 995 = 2,475 
lb. which is properly taken care of by 
the selected standard bearings, which 
have 2,885 lb. radial rating at 1,250 
r.p.m. for 3,000 hr. minimum life 
expectancy. 

For each eccentric bearing the re- 
quired rating is 3.5 X 995 = 3,475 Ib. 
The bearings selected from the catalog 
for this location have a radial rating of 
3,680 lb. at 1,250 r.p.m. with 3,000 hr. 


minimum life. 


_ Rocker arm 


"Push rod in 
cylindrical 
seats 
















ИШТ 


SN ALL KAA 





Lr 
ШИШ * 
HWS - 
NN [wg v 





Fig. 4—Tapered roller bearings in Unishear are chosen for high shocks loads 
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machined keyway in a forged part. 
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Full weigh can be applied fo 
this handle, breaking either 
handle or clock 


Werkmen “punching” a well- 
known model of time clock found it too 
easy to break off the cast operating 
handle, either by exerting their whole 
5 weight or by kicking at it. Substitution 
of wrought iron handles only aggra- 
vated the situation, since some expensive 
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Fatigue eraek which started in the sharp corner of the 
Crack started 1% in. 
from the face of the part and followed along the corner for 
the greater portion of the length of the keyway. Keyways 
are likely places for such fatigue cracks to start and failures 
can be avoided only by specifying smooth circular fillets in 
the corners. Corners of the key should be rounded to a larger 
radius than the keyway fillet in order to avoid work-harden- 
ing of surface metal in the corner of the keyway. 


treatment. 


NN SS 


Only twisting s/rength 
= wrist can be applied 
ere 





part of the clock mechanism would 
break if the handle withstood the abuse. 
This minor form of sabotage was finally 
eliminated by substituting the type of 
handle shown. Force could only be ap- 
plied by twisting, and wrists are not 
strong enough to do any damage. 





` 

High carbon spring steel strip 
formerly hardened after forming, 
now purchased in hardened 
condition and formed 


Flat spring of the type shown, used in a piece of low- 
priced office equipment, showed discoloration indicating 
uneven heat-treatment. Procedure was to purchase annealed 
high-carbon strip steel, punch and form the spring, heat- 
treat to desired Brinell hardness, assemble. But, after 
making small changes in the die to allow for additional 
“springiness” of the material, it was possible to purchase the 
strip with the desired hardness, making it necessary only to 
form and assemble. Not only was production cost reduced 
but uneven heat-treatment was eliminated and the spring had 
a good appearance. Although not generally realized, there 
are many cases where high-carbon steels can be purchased 
with a suitable hardness and “springiness” for a design and 
yet can be worked without annealing or subsequent heat- 


Crankshafts for well-drilling ma- 
chinery were formerly made of carbon 
steel. Because of the severe fatigue 
loads placed on the crankshaft in drill- 
ing service, breakages of this part were 
frequent. Cure was adoption of S.A.E. 
3140 nickel-chromium steel. 


The embrittlement effect of molten 
metals is often forgotten in design. For 
example, a label soldered on aircraft 
tubing caused failures in the section 
near the soldered joint. Elimination of 
the label put an end to failures. The 
same phenomena applies where other 
molten metals such as zinc, lead, or tin 
come into contact with stressed mem- 
bers. Similarly two galvanized sheets 
riveted together may show cracks 
around the joints. 


PRODUCT ENGINEERING will pay a minimum 

of $3 for each example published in Causes and 

Cures. Where illustrations are necessary, include 
drawings, rough sketches or photographs. 
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SPRAYED FABRIC FINISHES 


For Decorating, Insulating and Sound-Deadening 


LOCKING, or spraying of short 

fabric fibers on an adhesive 

binder, a method for producing a 
velour or suede-like finish on any base 
material, has been in use for years in 
applications such as protective coatings 
for the under surface of book-ends, 
lamps, telephones and ornaments, and 
for finishing the inside of cases, instru- 
ment housings and the like. However, 
development of new automatic and semi- 
automatic flock spraying equipment has 
stimulated the use of this finishing 
method in the automotive, aircraft and 
metal-working fields not only for its de- 
corative qualities but also for its value 
as sound and heat insulation. 

With the new fully automatic ma- 
chinery, all that is required is that the 
operator place the part on a conveyor 
which carries it into booths where first 
the adhesive binder and then the flock 
is applied. In a phonograph disk appli- 
cation, the disk is manually placed on 
a conveyor spindle and carried into the 
adhesive spray booth where it is rotated 
under the spray nozzles turned on auto- 
matically by an electric limit switch. 
The conveyor then carries the disk into 
the second booth where flock is applied 
by nozzles turned on automatically by 
an air valve. Here again the disk re- 
volves while passing under the nozzle. 
Air jets remove excess flock, which is 
rinsed out and recirculated. Average 
rate of operation of this machine is ten 
]2-in. disks per min., or 4,800 per 8-hr. 
day. Similar equipment is recom- 
mended where areas to be flocked are 
relatively small in size, a single color 
is used, and production lots are large. 


For small objects where production 
lots are small or where flocking colors 
must be changed occasionally, a manu- 
ally operated airbrush can be used for 
application of the binder and a hand 
air-gun for applying the flock. Where 
large areas are to be sprayed, the flock 
is sometimes applied by large nozzles 
at comparatively low pressures with 
large volumes of air. For inaccessible 
places or for large production work, as 
the spraying of glove compartments and 


the trunks of automobiles, a mechan- 
ical feed hopper and special gun is 
used for applying the flock. Hopper 
and gun are connected by an extensible 
length of hose so that the operator can 


move around the work. 
Special decorative effects are obtained 
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with stencils through which the binder 
is sprayed on the base in the same man- 
ner as in other paint-work. The flock 
subsequently applied adheres only to 
the tacky binder. For accurate work or 
complicated designs a silk screen 
method, similar to that used in enamel- 
ling and other decorative work, is 
adaptable to applying the binder, after 
which the flock is applied with the con- 
ventional gun. 

Flocking has recently been adopted 
as a low cost method for lining glove 
compartments and trunks of automo- 
biles. as a decorative finish for contain- 
ers, stoves, radio screens; as a heat in- 


sulator in motion picture projectors, 
Airplane manufacturers have been ex. 
perimenting with flocking for interior 
design. As such, it has been used in 
decorating seats of Douglas 21-pas. 
senger airplanes built for the Braniff 
airlines. In this field it serves not only 
a decorative purpose but it also relieves 
the "cold" feeling of metal, particularly 
when the plane is at higher altitudes, 
Other aircraft manufacturers are now 
experimenting with the application of 
flocking for decoration and as a 
means of furnishing desired acoustic 
properties. 

In the automotive field, automotive 


Applying flock to Studebaker trunk compartment interior 
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engineers have been flocking trunk and 
glove compartments to obtain a low cost 
yet good-looking durable finish. Other 
possibilities may lie in applications 
where ordinary fabric is difficult to in- 
stall and where the use of flock might 
make for improvement or lower produc- 
tion cost; one possibility under con- 
sideration is the use of rubber floor 
mats sprayed with flock thus combining 
the resiliency of one material with the 
appearance of another. 

Flock is now furnished in accurately 
controlled cut lengths rather than in 
the ground form previously used which, 
because of its variable particle size, was 
dificult to apply without giving a 
“matted” effect. The flock is produced 
in cut lengths so that it can be driven 
like an arrow into the binder to give 
god adhesion with a fluffy, even- 
appearing surface. General improve. 
ment has been made in synthetic bind- 
ers and formulas developed which make 
it possible to apply flock to rubber. 
There are now available to the designer 
1 wide variety of materials, colors, and 
binders which can be applied in several 
combinations. Materials are furnished 
m stock lengths of 1/32, 1/16, V5. 3/16 
and !4 in. in rayon, wool and cotton, 
variously colored. For special purposes 
such as heat insulation, asbestos, animal 
hair or fiber may be used. Glow beads 
may be used for decorative purposes or 
a visible markers in darkness. 

In selecting material, consideration 
must be given to the service required. 


In general, flock materials will react to 
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Velour effect on the back of the seats in this Douglas plane is obtained by applying flock to the sheet metal panels 


atmospheric and other conditions in the 
same manner as the basic cloth of which 
the flock is made. Experimentation will 
probably be necessary to determine 
which of the five available lengths of 
flock give the desired appearance and 
thickness of finish. The length of the 
flock affects not only appearance but 
also service life, the latter increasing 
with the length of the flock and with a 
heavier pile. The 1/16 and !$4 in. 
lengths are best for all-around. work 
where finish alone is concerned. If 
acoustic properties are desired it may 
be necessary to apply longer flock or 
more than one coat of flock to the base 
material. Four, five and six layers have 
been successfully applied. 

For fine work and close registration 
of color 1/32 in. flock is generally 
specified. For large areas, 1/16 in. 
length flock is used because it gives a 
fairly long nap and is easy to apply. 

Rayon has the longest nap of the ma- 
terials but is not very opaque. To add 
opacity and to reduce cost, as much as 
25 percent wool or cotton of the same 
color may be added. Wool is more 
opaque than rayon but has a shorter 
nap. Cotton covers well but has practi- 
cally no nap at all. In those cases where 


the nap must stand up and give a good 
velour-like appearance, such as in radio 
screens, the base material is vibrated 
while the flock is being applied. This 
vibration causes the nap to stand up- 
right thus giving the screens an appear- 
ance of solid plush. Rayon flock will 


cover about 100 sq. ft. per lb. on the 


first coat and about 120 sq. ft. on the 
second coat. Wool and cotton flock will 
cover about 90 sq. ft. on the first coat. 

Rayon, wool and cotton flock are 
available in bright red, orange mineral, 
medium yellow, emerald green, medium 
blue. gold, silver, black and white. 
Wool and cotton are also available in 
orange and green while the rayons are 
also available in nine pastel shades. To 
secure other shades of color the flock is 
mixed like paint. The flock materials 
mix as well as ordinary oil colors and 
can be varied to different shades by 
proper proportioning of the 
colors. 

Heavy synthetic oil-varnish binders 
formulated with a retarder to slow up 
drying are sometimes used to hold the 
flock to wood, metal, rubber, cloth, 
paper or other bases. These materials 
are known in the trade as Vellunite, 
Kem, Izarine, F. Weber Flock Binder 
and Flextite. Latex has been used suc- 
cessfully to bind flock to a rubber base. 
A primer is generally needed before 


spraying the binder on metal. On 
porous surfaces a coat of filler and 
sealer must be used before applying the 
flock binder. 

Color of the binder is matched to the 


color of the flock unless unusual effects 


basic 


are desired. To enhance the finish a 
shading of a darker color may be ap- 
plied around the openings and edges. 
Where it is desired to get a decorative 
effect by super-imposing one color on 
another a clear binder is sprayed on the 


first layer of flock and second layer of 
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flock applied immediately before the 
clear binder can be absorbed. 

Application of these materials is simi- 
lar to paint. The binder will cover 250 
to 300 sq. ft. per gal. As the area is 
increased the binder should be mixed 
with more retarder to give slower 
drying. 

Base materials such as metals, wood, 
paper, fabrics, cork, rubber and others 
have successfully been flocked. Flock 
serves as a protective and decorative 
finish for metals and has the additional 
feature of eliminating the “cold” feel- 
ing which they possess. Experiments 
are now underway on applying a 
sprayed cloth covering directly to Air- 
foam rubber cushions. Other experi- 
ments are being made to give rubber 
floor mats a plush or velour-like appear- 
ance by spraying with flock of the de- 
sired color. One company is “printing” 
the flock on paper for decorative pur- 
poses at a high production rate. 

Resistance to wear is dependent pri- 
marily on the qualities of the basic 
materials from which the flock is made. 


Flock spray, 
automatically 
operated 


the thickness of the pile and sometimes 
on the quality of binder. In a par- 
ticular automotive application it was 
found after experiment that rayon gave 
the most satisfactory results as far as 
long-life wearing qualities are con- 
cerned. Wear properties can be im- 
proved by using a longer or heavier 
flock or a heavier pile. Experiments on 
the application of flock directly to Air- 
foam cushions, mentioned above, indi- 
cated that the type of binder was most 
important from a wear standpoint. In 
this case it was necessary to find some- 
thing which would vulcanize to the rub- 
ber. Latex and Flextite were satisfac- 
tory. It was also found desirable to 
change the shape of the cushion so as 
to eliminate square edges which take 
heavy wear. Even rubber base binders 
would not stand up under the mechani- 
cal effects of wear on such corners. 

Flocking has been used to enhance 
the appearance of low cost woods. The 
operation in this case is to first prepare 
the surface so that it is dry and smooth, 
after which a white lacquer undercoat 


reduced about 40 percent with a good 
grade thinner is used as a filler. When 
dry, this coating is sanded lightly and 
the binder is then applied. One success. 
ful application uses a synthetic silk 
screen mixture using equal parts of 
clear synthetic varnish reduced to spray. 
ing consistency with a slow drying syn. 
thetic reducer. Flock is then applied 
with low pressure, about 30 to 40 lþ, 
and a large volume, 6-7 cu. ft. per sec, 
of air. 

Whether applied on metal or wood 
the binders require up to 24 hr. to dry 
unless an oven is used. When heat is 
used, temperature must be controlled so 
as not to harm either the flock or base 
material. On metal, drying time may 
vary from 45 min. at 250 deg. F. (which 
will not harm rayon) to 2 hr. at 165 
deg. F. Wood, however, has a tendency 
to crack under heat and to cause the 
resins or liquids to come to the surface, 
As a result, the finish blisters and 
flakes off so that a maximum of 150 deg. 
F. drying temperature is advised for 
flocked wood parts. 


Binder spray, 
automatically operated 


Phonograph turntable 
disks loaded on 
conveyor here 


= 


Fully automatic machine which applies black or brown rayon coating to phonograph turntables at rate of 4,800 per 8-hr working day 
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DRAG-LINK MECHANISM-II 


Effect of Link Lengths on Angular Velocity 


FFECTS upon the velocity dia- 
gram of drag-link mechanisms, 
obtained by altering the propor- 

tions of the members comprising the 
linkage for two cases were analyzed in 
the first installment of this article, which 
was presented in the March number of 
Propuct ENGINEERING. Case I discussed 
the effects obtained by altering the 
length of the link and also of the eccen- 
tricity, when the follower crank is equal 
in length to the driving crank. Case II 
discussed the effects obtained by alter- 
ing the length of the follower crank and 
the eccentricity, when the link is equal 
in length to the driving crank. 

This part of the article will present 
an analysis of the velocity effects for 
Case III in which the follower crank 
equals the length of the link but of a 
length different from that of the driving 
crank; and for Case IV in which the 
follower crank, the link and the driving 
crank are all of the same length. 

Case III is fundamentally the same as 
Case II, a change from driven to driving 
crank in either case making it similar 
to the other. However, to find R, from 
К„ it would not only be necessary to 
multiply Rə by p°, but 0 must be re- 
placed by y. Since this last step would 
require a derivation much like the one 
already made, this combination will be 
treated as a distinct case. By setting 
m = p in Equation (10) the ratio for 
equal link and follower crank becomes: 


n cos 0 n sin 0 


1— 
Ratio, - —OMÓ 
, K vVApK-—RK 


(13) 

In this equation, p appears only in 
the expression under the radical sign. 
As K or (n? 4- 1 — 2n cos 0) is always 
a finite quantity, the second term of the 
equation will approach O as p ap- 
proaches infinity, and R, will approach 
the ratio of the crank and slotted arm 
mechanism. In other words, as p in- 
creases, the characteristics of the link 
mechanism, as analytically expressed 
by the second term of the equation, be- 
come less pronounced. In Fig. 5 the 
curves designated by the letter “a” are 
Plotted for the term 


1 —n cos @ 


K 
and the curves designated by the letter 
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“b” are plotted for the second term of 
the Equation (13), that is, 
n sin 6 
У4р К — К? 

The selection of parts slightly larger 
than the driver, m — p — 9/8, shows 
a reduction in the effect of the second 
term of the equation on the basic curve 
as against that of the foregoing cases. 
The three points to remember in the 
case of equal follower and link are: 
(1) values of m — p greater than one 
produce smoother resultant curves; 
(2) maximum ratios equal those of the 
slotted arm mechanism; (3) with in- 
creasing m and p values, the minimum 
ratio approaches that of the slotted arm. 

The fourth and final case, that of 
equal cranks and link, is of special im- 
portance. As is shown in Figs. 2, 3 and 
5, it furnishes a basis of comparison 
for each of the other forms. Although 
not yielding as smooth a velocity dia- 
gram as those which may be obtained 
through other combinations of lengths, 
this case offers many advantages. The 
velocity ratio formula can easily be de- 
rived from that of Case III, by putting 
p = 1, and is 
1 — n cos 0 n sin 0 

K VIK- É 

A summary of the preceding para- 
graphs discloses the following facts: 
The slotted arm or Whitworth mechan- 
ism produces a symmetrical velocity 
diagram with the maximum and mini- 
mum points 180 deg. apart. The link 
mechanism gives an asymmetrical dia- 
gram with maximum and minimum 
nearly 120 deg. from one another. For 
Cases III and IV, in which m = p, 
maximum speed occurs when the driving 
crank passes through the follower cen- 
ter, and the minimum ratio occurs when 
the driven crank passes over the driving 
shaft center. For any case where 
p <m, the maximum and minimum 
positions occur just after those for 
Cases III and IV, for values of p > m, 
the extreme velocities when compared 
with Cases Ш апа IV occur a little 
earlier. 

In selecting correct proportions for 
any drag-link mechanism it is necessary 
to remain within certain limits to pre- 
vent a reciprocating motion and to allow 


Кайо; = (14) 


for rotation through 360 degrees. 

First: The eccentricity n must be less 
than the length of any other member, 
that is, m and p must each be greater 
than the eccentricity. 

Second: The eccentricity must be less 
than the sum of the cranks minus the 
length of the link, orn < (1+ p — m). 
It is not to be assumed that any combi- 
nation lying within these limits is rec- 
ommended for use. 

To illustrate these facts further and 
those previously enumerated a number 
of polar diagrams, Figs. 6, 7 and 8 
are presented. These graphs show the 
location of crankshaft centers for any 
desired velocity ratio, the origin 0 
being the follower center. The curves 
were constructed by locating the cen- 
ter of the driving crank at the point 
where it produced the maximum 
velocity of the follower crank when 
the latter assumed a vertically down- 
ward position. To simplify the selection 
of these points, the maximum velocity 
position was considered always to 
occur when the driving crank center 
passed through the driven center 
(0 —0). This rule is correct in the 
majority of cases; in those instances 
where it fails to hold true, variations 
are so slight they may be overlooked. 
Figs. 6, 7 and 8, represent the plots for 
Cases I, II and III respectively, with 
Case IV shown on each diagram for 
purposes of reference. 

The fact that the maximum velocity 
ratio usually occurs when @ equals zero 
is evident from Figs. 2, 3 and 5; and 
that in those cases where the maximum 
is slightly displaced, the value of R 
when @ equals zero is approximately 
equal to the maximum. Proceeding on 
this basis, @ was set equal to zero in 
Equation (10), and a general formula 
for the maximum ratio Rmas was ob- 
tained. This formula, 


1 
A 
1—n 


which can also be found by examining 
Fig. 9, suggests a simple method of 
finding the eccentricity for any desired 
speed ratio. Through the use of the 
formula, the values of the maximum 
ratios were inserted in the polar dia- 
grams, enabling an immediate selection 
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Fig. 5—Velocity of follower 
crank for various driving crank 
angles for Case III, in which 
the follower crank and the link 
are of equal length but of differ- 
ent length than the driving 
crank. The term “a” and “b” 
are explained in text 


LEGEND 


neg) --——--— 


m*p* l, 





Fig. 6—Polar diagram for Case I, in which the fol- 
lower crank and the driving crank are of equal length. 
The curves are loci of the driving crank centers for 
various speed ratios, the radial distance from the 
origin “O” to the particular point on curve is the 
eccentricity 


Fig. 7.—Polar diagram for Case II, in which the link 
and driving crank are of equal length. The curves are 
loci of the driving crank centers for various speed 
ratios, the radial distance from the origin “O” to the 
particular point on curve is the eccentricity 
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of the correct eccentricity for any 
required maximum velocity. 

The areas lying within the broken 
lines of Figs. 6, 7 and 8 designate 
eccentricities the use of which with 
the corresponding link proportions will 
give the most satisfactory operating 
characteristics. These combinations 
prevent excessive angularity between 
members, resulting in the elimination 
of high radial forces and vibration. 

The polar diagrams, Figs. 6, 7 and 8, 
indicate a means of obtaining a set of 
maximum speed ratios by adjusting the 
drive crank center along one of the 
curves. All of the curves within the 
recommended areas may be closely 
approximated by circular arcs. This 
means that the adjustment may Бе 
made about a gear center, usually a 
driving pinion center. In many in- 
stances, this will lead to important 
structural simplification. In the case 
of the crank and slotted arm mechan- 
ism, straight line adjustment is neces- 
sary to bring maximum values together. 
This is usually accomplished through 
the use of a sliding member, which is 
eliminated by the link mechanism. 

It is possible to obtain the equations 
of the polar curves which are the loci 
of the drive crank centers for maxi- 
mum speed ratios. The locus of these 
centers for the case where m = p, and 
in which the maximum velocity always 
occurs when the drive crank coincides 
with the line of centers, is a portion of 
a limacon, in which the locus of the 
driving center is n —1 —2psin Ø. 





When m+p, the equation becomes 
more complicated, and its value is of 
insufficient importance to warrant its 
inclusion here. 

The question of choosing one of the 
several cases to suit operating re- 
quirements now arises. Cases I and II 
provide the velocity diagrams, Figs. 2 
and 3, which should prove desirable in 
machines where relatively low maxi- 
mum ratios, generally Rmaz less than 5, 
are necessary. Their adjusting arcs of 
small radius may prove favorable under 
many circumstances. 

For higher speeds, where Ry: is 
greater than 5, Cases III and IV are 
preferable. These are the only propor- 
tions which would provide a theoretic- 
ally infinite maximum velocity ratio. 
Figs. 6, 7 and 8 leave no doubt on this 
point, especially when the manner of 
adjustment is examined. The curves in 
Fig. 8 can be closely approximated by 
circular arcs. An objection to the use 
of equal link and follower crank where 
m = p > 1 is the knowledge that the 
advantages of this arrangement over 
Case IV do not become pronounced until 
m = p > 2. If the driving crank size is 
to be maintained, this leads to an un- 
necessary increase in the length of the 
other parts together with the subse- 
quent demand for greater operating 
space. 

Case IV provides the best set of 
characteristics over the largest range 
of ratios and is recommended for gen- 
eral use, unless, of course, special con- 
ditions dictate the 


choice of other 








proportions. The lack of symmetry in 
the velocity diagram is not detrimental; 
the cranks can be driven in the direc- 
tion which causes the steeper slope of 
the curve to occur during deceleration, 
that is, to place the link under com- 
pression while driving, rather than in 
tension. In this way, the friction forces 
within the mechanism will aid the 
higher deceleration while working 
against the lower acceleration and pro- 
duce a resultant having a symmetry 
which is greater than that of the more 
symmetrical-appearing velocity dia- 
gram. When working with high ratios it 
is important that all parts subjected to 
variable velocities be made as light as 
possible to cut down inertia forces. 

Allowable accelerations are depend- 
ent upon the individual design es- 
pecially with regard to minimum over- 
hang of cranks; the weight of the 
driven parts; the rigidity of the various 
members and their method of mount- 
ing; the friction resistance of the bear- 
ings; the speed at which the machine 
is operated; and the type of work to 
be done. Each application will have to 
be studied by itself in this respect, and 
no definite rules can be given which 
will apply to all designs. 

The possibilities for incorporating 
link mechanisms in the design of a 
machine to improve its performance are 
numerous. Skillful and experienced 
handling of the many combinations of 
cranks and links will permit a greater 
flexibility in design and will result 
in the simplification of the machine. 





Fig 8—Polar diagram for Case III, in which the follower crank and the link are of equal length, but of different length than the 


ving crank. The curves are loci of the driving crank centers for various speed ratios, the radial distance from the origin “O” to the 
Particular point on the curve is the eccentricity 
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COMPOSITE MEMBERS 






How to Find the Stress in Each Material 


WILLIAM I. POWELL, Assistant Mechanical Engineer, 


Board of Water Supply of the City of New York 


ITH the use of clad material 
becoming more general in 
industry, the question of 


stresses in composite members made 
up of two different materials is being 
encountered by more and more de- 
signers. Although many authors of 
engineering texts on strength of ma- 
terials have treated this subject to a 
greater or less extent, a clear restate- 
ment of the solutions of a few funda- 
mental cases may contribute to a better 
understanding to those confronted with 
the problem. 

For simplicity sake, four cases will 
be chosen, two with direct stresses, that 
is, either pure tension or pure com- 
pression, and two cases involving bend- 
ing stresses. 


Case I 


This is the case of a tension member 
or of a compression member in which 
the ratio of the length to the least 
cross-sectional dimension is less than 
6. It is beyond the scope of this analysis 
to derive suitable stress formulas for a 
composite column. Those interested will 
find that the reasoning behind the fol- 
lowing four cases can be applied 
through derivations using some of the 
many column formulas extant to the 
solution of stress in such a member. 


A, and A, = respective areas 

e; and e, — respective changes in length 
of parts 1 and 2 

P,, and P,, = actual total loads on A, 
and A, respectively 

Р, = P,, 4- P,, — total actual load car- 
ried by composite section 


Pim and Pem = allowable maximum 
loads sustained on parts 1 and 2 
separately 
S, and S, = allowable unit stresses on 
A, and A, 
Sia and S, — actual unit stresses on 
A, and A, 


E, and E, = moduli of elasticity of the 
two parts 

Р... == 4А, 5.000 Р. == 4,5 

also, according to Hooke’s law, if S,, 
and S, are within the proportional 
limits of the materials then, 

P,, = A, E, e, and P,, = A, Es @ 


In order that the junction of parts 1 and 
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2 not be ruptured e, must equal e; 

















ince € * ам T 
" ДЕ а= 1. Ё 
Pe Р» . 
= h 
then Lac from which 
А» E» Ai Ei 
= Pe | E and Pis = P» X з Ез 


As a problem consider, 


A, — sq. in. A» = 4 sq. in 
S, = 12,000 Ib./sq. in. E, — 24 x 10 
$,— 8,0001b./sq. in. Е, = 12 X 10° 










Stress equals 


Stress equals 
€, “Се; 





“-Cladding metal 


| 
| 
[+ 


LL 


Fig. 1—In a composite bar under tension, 
the change in length must be equal for 
the two elements, and within the pro- 


portional limits, the stress in each 
material will be the elongation times the 
elastic modulus of the material 





Fig. 2—In a cylindrical vessel subjected 
to internal pressure, membrane stresses 
have the same relationships as stresses in 
a bar under tension 





Then P,,, = 6 X 12,000 = 72,000 lb. 
and P,, — 4 x 8,000 = 32,000 lb. 


Assuming A, stressed to maximum, 


_ 4 X12 X 10 _ 
Рь = 72,000 X еа = 260001, 
and the actual unit stress on 

i 24,000 = 6,000 Ib. per sq. in. 
Assuming A, stressed to maximum, 

E 6 x 24 x 105 
Pu = 90 X 1-19 xX TF 
= 96,000 1b., which is too high 


Therefore Pm or the maximum allow- 
able load on the combined section = 
72,000 + 24,000 = 96,000 lb. and the 
load ratio between parts l and 2 is 


Эы wa 
Р, а 24 E 1 
Thus for any other total load, 


3 1 
Pu = 34 Pr and Ps, =qPr 


Case II 


A pressure vessel under internal pres- 
sure p causing a direct system of mem- 
brane stresses without bending or dis 
continuity forces at the point consid- 
ered. This is a variation of Case I. 

T = pr — force acting per lineal inch 
over the total section. 


= p, EL „ р, Ё. 
Bom Ph i h E uv 
and Sea - la ü E 

Assuming 
р =. 170 1Ь. рег sq. in. r — 60 in. 
E, = 28 X 10° tı = l5 in. 
Е, = 28 х 10 t = %& m 
Sı = 20,000 lb. per sq. in. 
S, — 18,000 1b. per sq. in. 


Then P,, — 20,000 x 0.5 — 10,000 Ib. 
and letting Pim = Pra 
23 X 10° 
Sua = 10,000 55 X 28 X 10 


16,400 Ib. per sq. in. 


P, — V& x 16,400 — 2,050 Ib. 
P, — 10,000 + 2,050 = 12,050 Ib. 
If T = Pr = 170 x 60 = 10,200 bb 
10,200 
Sis = 12.050 050 x 20,000 


= 16,900 lb. per sq. in. 
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and Sz = 1050 X 2,050 
1,730 Ib. per sq. in. Y 

In pressure vessels where local bend- 
ing moments exist such as at points of 
discontinuity between dished heads and 
adjoining cylindrical sections, stresses 
as determined in Case III or Case IV 
must be added algebraically to the 
membrane stresses found in Case II. 


Case III 


This is the case of a beam or unit 
section of a plate or pressure vessel 
which is subject to a bending moment. 
It consists, as shown in Fig. 3, of a 
central core and uniform cladding ma- 
terial on both sides of the member 
giving a symmetrical cross-section. 

In the derivation of the common 
flexure formula M = SI/C it was 
assumed that the material of the beam 
was homogeneous. The formula there- 
fore, does not apply directly to a com- 
posite beam. However, since we are 
dealing with a symmetrical section and 
knowing that for equal elongation, by 
the law of proportionality S,,/S.. = 
E,/E, we can proceed to develop a re- 
sisting moment which is the equivalent 
of the given bending moment. Cı, Tı, Cs, 
and T, are compressive and tensile 
forces acting on the respective parts of 
the beam. 


E: I b d? 
Au э : = 
Ej! m 
d в 
С = 9 -, C2 == ые сй 


Referring to пе 3 it can be seen that 


t t S - 
C - Tı = = » x эл = b d, zn 
4 
„\ / 
С, = T» = b d» же 
2 
Since the bending moment — resisting 
moment 
Seh, 


M = 


С 
д еме С + 4) 


from which S;, can be determined. 


Then Soa zs Sie n (o de) 
с 


To illustrate by an application we 
assume 


b-4in,d; — 6in, d; — Yjin, Е, = 10 


_ 4x & 
р =12, п= 80, a-8in, 
М = 72,000 in. Ib. E, = 30 X 10° 
72,000 = z 12 Su Ф 
3.125 





1+ 


(« X \% X 30 X S, ong] (6.125) 
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Neutral axis-x 















Fig. 3—In a beam with equal thickness of cladding on top and bottom, the maximum 
stresses in each of the materials will be proportional to the elastic modulus and the 
distance from the neutral axis 





Fig. 4—With cladding on only one side of the beam, the neutral axis shifts because of 


the difference in the elastic modulus of the two materials. 


At (b) is shown the equiva- 


lent homogeneous section, the center of gravity of which locates the neutral axis of the 


composite beam 


72,000 = 24 5,, + 98.8 5,, 
giving S,, = 611 lb. per sq. in. 
S, — 611 x 30 X 3.125 


3 
= 19,094 lb. per sq. in. 


Case IV 


This last case involves bending in a 
member clad on one side only and re- 
quires a slightly different treatment 
from the preceding Case III. 

If we transform the section shown in 
Fig. 4(a) to one of equivalent homo- 
geneous section it will develop that, 
because of the disparity between E, 
and E. the neutral axis will shift as in 
Fig. 4(b). It is with greater ease that 
the solution can be made with this 
transformed section; hence the theory 
is expanded from this equivalent 
figure. 

I, is the moment of inertia of Fig. 


4(b) 
- bd, (4, + d,/2) +n bd (da/4) 


bd, + n Ьа, 
„ё 
= Е, 
and knowing M 
Mz y 
a Uu le = S ac 
е Ig "ә z 


Using an illustrative problem in which 





Е = М, Е. = 30 х М, 6 = 4 dn. 
d, юбі, 4, = 18 in., and M = 38,000 


in. lb.; then n = 30 
_ 4х6х31+15х қ _ i 
шы аала 1.94 in. 
— 4.18 in. 
Ig= xe 4 241.18? + 15 (6.06—4.18)° 
= in in.4 
38,000 X 4.18 _ | 
Su- ^7 15860 = - 1,000 Ib. per sq. in. 
1.94 
Ses = 301000 X 118" 13,500 Ib. per 


sq. in. 

In the foregoing four examples the 
component materials are assumed to be 
isotropic in nature and the effect of any 
internal stresses which might be devel- 
oped during the cladding process has 
been neglected. Improved casting tech- 
nique will, it is felt, reduce this latter 
point to insignificance. 


[Editor’s Note: For the interest of 
those concerned, a succeeding article 
in the June number will treat a sub- 
ject about which little has been written 
in most textbooks, namely, the problem 
presented by the stressing non-isotropic 
materials such as brasses and bronzes. 
The presentation may be considered 
well-timed, in view of the increasing 
development and use of many alloys of 
this character. ] 
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OME of the design factors that 
affect economical production of 
products on screw machines, such 

as machinability and properties of bar 

and tubular materials, were discussed 
in Part I of this article, which appeared 
in the March number of Propuct En- 

GINEERING. Design considerations were 

also included that involved dimensional 

tolerances, cylindrical and tapered sur- 
faces, and thread specifications. 

Other rules that should be kept in 
mind when designing parts that are to 
be made on screw machines are listed 
in Table III. The rules are general and 
conform to common practice, hence 
when applied to any specific design 
they may be subject to exceptions, or 
influenced by further qualifications and 
considerations. 

When a design calls for a shoulder 
or flange on an outside contour, a screw 
machine operation can be saved by 
using a shoulder or flange that makes a 
slight taper with a plane normal to the 
axis. Shoulders, like that shown at B 


1. Stock and Material Considerations 


SCREW MACHINE PRODUCTS 


II — Design Rules for Economical Production 


D. H. MONTGOMERY 
New Britain-Gridley Machine Company 


in Fig. 3 and at F in Fig. 6, can be 
machined perfectly square, but to do 
this extra operations are required, espe- 
cially on steel. 

To form a shoulder the forming tool 
must have its side face relieved with a 
clearance. Even when relieved the tool 
may drag and not cut smoothly. In 
consequence, it is preferable to have 
the face of the shoulder if narrow make 
a minimum angle of 1 deg., or 89 deg. 
with the axis as shown at A in Fig. 3; 
if the face of the shoulder be wide the 
angle should not be less than 3 deg. in 
order to provide the forming tool with 
adequate clearance to obtain required 
smoothness of cut. Unless the drawing 
specifically indicates that the shoulder 
must be square, the producer may if 
tolerances permit turn the shoulder with 
a slight angle. If the face has to be 
undercut, a tool other than a forming 
tool has to be used, unless the forming 
tool can be fed in at an angle by means 
of a special attachment. 

Rounded or broken outside corners, 


4. Threads 








like tapered shoulders because of tool 
shape considerations, can be produced 
in fewer operations than can square cor- 
ners. Because of the difficulty encoun- 
tered in grinding forming tools with 
sharp square inner corners, small fillets 
are provided. The outside corners of 
pieces turned with forming tools, there- 
fore, are slightly rounded or chamfered 
as shown at C in Fig. 3, the minimum 
radius is usually about 0.005 in. Broken 
corners are generally advantageous in 
that burrs are less likely to occur, as- 
sembly is also facilitated. Square cor- 
ners on parts can be made with other 
tools but require an extra operation. 
Unless square corners are desired, the 
drawing at appropriate points should 
be marked “break corners.” 

Rather than square out completely 
the bottom of a hole or an internal re- 
cess, it is cheaper to provide more thick- 
ness of material for a spot relief, as 
shown at E in Fig. 3, made by a stand- 
ard drill when making the hole. 

External threads that are in front of 





Table III—Design Rules for Screw Machine Products 

































(a) Select the material which, consistent with minimum 
cost, machines most readily. 

(b) Use the smallest suitable diameter of stock available. 
(c) Reduce length of stock required to a minimum. 


Tool and Machining Considerations 


(a) Design for machining with a minimum number of 
standard tools unless special ones will reduce costs. 

(b) Design for a minimum number and duration of ma- 
chining operations. 


Surfaces, Shoulders, Holes 


(a) Surfaces to be machined wherever possible should 
be surfaces of rotation. 

(b) Machine surfaces only when necessary or advan- 
tageous. Reduce depth and length of cuts required to a 
minimum. 

(c) Design external surfaces so that they can be ma- 
chined with a single forming tool or with rough and 
finish forming tools, or by a rapid turning operation. 
(d) Avoid square external edges on shoulders, corners, 
and holes; but if required, so indicate definitely on the 
drawing. 

(e) Avoid square bottom holes. Use a standard drill if 
it will meet requirements. When a square bottom hole 
is required, the bottom should be relieved at the center. 





(a) Length of full threads and the percentage of full 
depth of tapped threads required should be indicated 
on drawings. 

(b) Threads should not come closer than 2!4 full threads 


to shoulders or to hole bottoms. Threads tapped close to 


the bottom of a blind hole or to a counterbore shoulder 


should be provided with a radial recess about 2!5 threads 
in length at the end of the thread. Wherever possible 
avoid threads which require the use of a bottoming tap. 


Dimensional Limits 
(a) Do not specify dimensional limits which are closer 
than need be. 


Surface Finish 
(a) Do not specify finishes to be smoother than those 
normally left by the tools commonly used, unless defi- 
nitely required. If special finishes are required indicate 
the character of extra cuts, the type of tool and where 
to be used; or submit a sample to indicate the finish 
necessary. 

(b) Unless removal of burrs is necessary, do not so 
specify; if essential, indicate definitely where removal is 
necessary. 

(c) If after assembly the piece is exposed to view, design 
it with some consideration for appearance value. 
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Figs. 3, 4, 5 and 6—Typical screw machine products that illustrate how tooling considerations affect economical design 


shoulders are easier to machine than 
those which are back of shoulders or 
portions of larger diameters, since the 
threads can be cut with either self- 
opening or solid dies when the die can 
be fed over the front end of the piece. 
When threading to a shoulder an under- 
cut should be provided as at A, Fig. 4, 
having a width of at least 2Y5 threads, 
and a diameter B about 0.010 in. smaller 
than the root of the thread for die run- 
out. A small fillet should also be pro- 
vided at C where the undercut and 
shoulder join. With adjustable dies, 
close fits can be held on external 
threads. Commercial practice usually 
calls for Class 2 fits, with the prob- 
ability that Class 3 fits will increase 
costs. 

External threads that are in back of 
shoulders or flanges which have diam- 
eters larger than the thread root diam- 
eter, like that shown at G in Fig. 6, must 
either be cut with single point tools or 
be rolled, unless produced in secondary 
operations. Rolled threads are likely to 
be smoother and freer from fine burrs 
than are cut threads. Cut threads, how- 
ever, meet most requirements. Threads 
requiring multiple starts can be pro- 
duced, but they add to tooling costs be- 
cause chasing tools are needed. Taper 
threads cost slightly more than straight 
threads. 

Designers can facilitate the screw ma- 
chine operations and tooling required to 
produce parts having internal threads, 
by observing a few important considera- 
tions. Tap drills and taps are com- 
monly employed that produce a length 
of full thread that is 75 percent of the 
length of the drilled hole, in order to 
obtain sufficient depth for chip space 
and end clearance for standard taps. 
The usual minimum allowance is equal 
to the length of five threads beyond the 
straight tapped portion. A chamfer of 
about 45 deg. is desirable at the start of 
the tapped hole to facilitate centering 
and entering the tap. 

When threads are tapped close to a 
shoulder or the bottom of a hole there 
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Fig. 7 


should be a recess, like that shown at 


D in Fig. 5. The diameter of the recess 
should be at least 0.010 in. larger than 
the crest diameter of the tap; the width 
of the recess E should be equal to the 
length of at last three threads. A cham- 


fer of about 45 deg. is desirable at inner 


end of tapped portion to avoid the for- 
mation of burrs. 

Fits are more difficult to hold on 
tapped than on external threads, espe- 
cially when produced with small solid 
taps. Class 2 fits can be held on com- 
mercial work; Class 3 fits can be held 
if the material taps freely. 

Unfortunately, there are no generally 
accepted methods of designating finish 
or degree of smoothness on screw ma- 
chine products, except by reference to 
the type of tool or cut in the final opera- 
tion. Perhaps the best way to designate 








Group of common parts which are produced economically on screw machines 


finish is to submit a sample having the 
required finish. 

Symbols sometimes used to indicate 
the character of finish required are 
shown in Fig. 8. The letter f is com- 
monly used on American drawings. Tri- 
angles are used for the same purpose, 
chiefly on European drawings. 

The usual commercial practice calls 
for leaving the external surface as it is 
after forming or turning with the usual 
tool. If better smoothness is required, 
the outside diameters can be skived or 
shaved. If a still smoother finish is nec- 
essary, surfaces can be burnished with 
suitable rotary burnishing tools. 
Smoothness of interior surfaces can be 
improved by reaming, and sometimes 
interior burnishing can be done. End 
faces also can be burnished. Burnishing 
does not alter dimensions significantly, 
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it simply renders tool marks invisible. 
Contrary to some beliefs, burnishing is 
a good preliminary to grinding as less 
metal need be removed in the grinding 
operation. 

Pieces which are to be plated usually 
call for polishing and buffing, the cost 
of these secondary operations can be 
minimized by obtaining surfaces as 
smooth as possible in the screw ma- 
chine. 

When a screw machine product is to 
be used in a location exposed to view, 
or if good appearance will help promote 
sales, care should be exercised to see 
that the product is well proportioned 
and that details which improve appear- 
ance are incorporated in the design, es- 
pecially if the cost of providing these 
refinements is not excessive. 

The punches and nail sets illustrated 
in Fig. 10 are screw machine products. 
Differences in cost are small, but the 
better looking products command a 
higher price. The chief differences in 
design are in the use of a decoration 
that “breaks-up” uninteresting surfaces, 
and yet at the same time performs a 
useful function. 

Knurling, beads and grooves can be 
used to improve the appearance of 
parts. Fig. 9 shows the effect of small 
changes in design on the appearance of 
thumb screws. The design shown at A 
has the best eye appeal because of its 
contour and straight knurling. Design 
B may be cheaper but it looks too 
heavy. Design C is both a compromise 
and unsatisfactory; there are no cham- 
fers at the edges and no land at the 
shoulder to avoid or to eliminate the 
formation of burrs. 

Knurling increases the diameter of 
the surface, hence the drawing should 
indicate the diameter required before 
knurling, which is preferred, or state 
the limiting diameter after knurling. 
The type of knurling, the approximate 
number of teeth per inch, and the max- 
imum depth of knurl should also be 
specified. 

When knurling overlaps end faces or 
shoulders, the corners should be cham- 
fered to prevent the formation of burrs. 
When shoulders or flanges do not inter- 
fere, knurling tools can be fed in from 
the end of the piece. In recesses or back 
of shoulders, knurling tools must be fed 
in from a cross slide and the width that 
can be knurled is limited. Knurling can 
often be done as a secondary operation 
in thread rolling machines. 

Many inserts used in die-cast and in 
molded plastic products, have knurled 
surfaces which serve to anchor the in- 
sert. Straight serrations are often 
knurled on parts which must make a 
tight press fit in a mating hole, espe- 
cially when the material is not as hard 
as the knurled part. Letters, numerals 
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and trade marks can be sunk into parts 
by using a roller having raised charac- 
ters tooled on its face. 

In conclusion two specific designs are 
shown, with captions that point out 
factors which deserve the attention of 
engineers who design screw-machine 
products. These illustrations are in- 
cluded chiefly to indicate what can be 








done when a particular type of design 
is required even though somewhat diff. 
cult problems in tooling and production 
are involved. 


[Editor's Note: This article was ab. 
stracted from a chapter of a forthcoming 
book edited by Herbert Chase, entitled 
"Designing for Quantity Production."] 


Rough machine 


Finish machine 


Grind or burnish 


Polish or equal 





Fig. 8—Symbols used to indicate type of finish desired on screw machine products 


iC 


i 


li 


(Ud 


ШЦ 


ii 


i 





Fig. 9—Thumb screws illustrate how appearance can be enhanced by careful use of 


knurling and contour proportions 
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Fig. 10—Punches or nail sets produced in a screw machine. Differences in cost are 
small, but the better looking products command a higher price 
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Refrigerator compressor shaft is eccentric and of a milling cutter to heat-treated after machining but before 
turned with the eccentric diameter and form the long oil groove. The oil groove grinding. Especially noteworthy are the 
the longer of the two oil grooves in a on the eccentric and the tapped hole in specific instructions on the drawing 
th screw machine at the rate of — that end require supplementary opera- regarding tolerances and the removal 
1,100 pieces in eight hours. Special tions, as does the precision grinding of of burrs. Note definite instruction 
tooling includes the use of reciprocating the two diameters. The shaft is ma- for point at which to start oil grooves 
tough and finish turning tools for the chined from S.A.E. 4620 steel, it is in reference to axis of eccentricity. 
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DESIGNING FOR ASSEMBLY 


SKETCHES on these pages illustrate how 
many common machine details can be 
altered slightly by the product engineer 
in order to save unnecessary assembly 
work and to achieve accurate fits and 
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approved shop practices, finishes this 
series by Dr. Geiger. The rights and 
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The Rights and Wrongs of Details 
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RUBBER-LIKE MATERIALS—II 


Applications for “Synthetic” Rubbers 


ARIOUS industrial applications 

for the synthetic rubber-like ma- 

terials, which were described in 
Part I of this article that appeared in 
the March number of Product Engi- 
neering, can be grouped into several 
classifications. 


VIBRATION ÁBSORBERS— Oil or tempera- 
ture has sometimes placed limits on the 
use of natural rubber for vibration 
absorption applications. The rubber- 
like synthetic resins make available a 
wide assortment of materials with vary- 
ing degrees of resiliency to choose from. 
Materials such as plasticized polyvinyl 
chloride or polyvinyl alcohol possess 
higher damping factors than other 
materials, inasmuch as their rate of 
recovery from stress is not as rapid. 
Their low resilience excludes them 
from designs involving very rapid 
change of deflection with load. On the 
other hand, Buna rubbers, Butyl rubber 
and neoprene will exhibit elastic prop- 
erties much more like natural rubber, 
having a higher proportion of resilience. 

The combination of oil resistance and 
vibration isolation properties are use- 
ful in applications such as fuel lines 
and lines of hydraulic brake systems in 
automobiles. A length of neoprene hose 
is employed on the oil pressure gage 
line between the engine and instrument 
panel of an automobile because of its 
heat and oil resistance plus flexibility 
which isolates the engine vibration. 

In designing machine mountings 
either in compression or shear, care 
must be observed to avoid excess creep 
by overloading or operating at a high 
temperature. In general, the load upon 
the mounting should not exceed that 
necessary to cause a 20 per cent de- 
flection, and operating temperatures 
beyond 150 deg. F. are not usually 
recommended. Further advantages are 
claimed for some neoprene compounds 
in machine mountings because of 
greater damping, the larger hysteresis 
loops of the stress-strain curves indi- 
cate a greater energy absorbed than for 
natural rubber compositions of the 
same Durometer reading. 


Coatincs FoR Woven Fasrics—Vari- 
ous woven textiles have been rendered 
waterproof by friction  calendering 


them with different neoprene composi- 
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tions. In this operation the neoprene is 
forced into the interstices of the woven 
fabrics by differential calendering rolls, 
schematically shown in Fig. 4. The 
properties of the finished materials are 
substantially those of the surface coat- 
ing. Noteworthy among rubber-like ma- 
terials as applied to fabrics is Koroseal 
which may be calendered or spread 
from solutions on the surface of many 
fabrics, increasing their gloss and 
rendering them waterproof. This treat- 
ment has become highly popular for 
wearing apparel, and has a potential 
utility in the industrial trade. The 
water-proofness is attained in the fabric 
without loss of flexibility, primarily be- 
cause of the rubber-like properties in 
the applied continuous film. Koroseal 
is often used without fabric. 

Two important applications of coated 
fabrics have attained much prominence 
recently. One is fuel cell development 
for airplane gasoline tanks in which a 
neoprene impregnated fabric bag is 
placed inside of the metal compartment. 
The unit thus continues to be leakproof 
under vibration, while the mechanical 
stresses and strain are carried by the 
metal structure as before. 

Applications of neoprene compounds 


Compound squeezed 
info pores. 
of cloth 


A 
| 
| 


Cloth being 
coated 


Friction Calendering 


to balloon fabrics are also proving their 
utility inasmuch as they possess excel. 
lent resistance to sunlight. For the 
same thickness, they show a permeabil. 
ity of 1/5 to 1/6 that of natural rubber 
to hydrogen, helium, and carbon diox. 
ide. The rate of diffusion is inversely 
proportional to the thickness. Buna, 
Koroseal and Thiokol coatings have 
also been developed for baloon fabrics. 

Other calendered products include 
friction belting which is made for oper. 
ation in atmospheres which adversely 
affect natural rubber. Diaphragms are 
often made from flat calendered sheets, 


SYNTHETIC RUBBERS ON FELT—Neo- 
prene and Thiokol compositions are 
being applied to felts for grease seals 
and gaskets. The synthetic rubber stock 
is milled and then calendered to various 
gages. These sheets are then calendered 
between layers of felt. Vulcanization of 
the laminated stock is completed under 
hydraulic pressure. Various layer ar- 
rangements are available, such as: 


1. Felt-neoprene-felt 
2. Surface of neoprene-felt-neoprene-felt 
3. Felt-neoprene-felt-neoprene-felt 


The second combination has been the 
most popular. For example, in an auto- 


_ — Compound 


Looted fabric 


À 


Windup 
motor driven 
through friction clutch 





Fig. 4—Schematic arrangement of differential calendering rolls used to force com 
pounding material into the interstices of woven fabrics 
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motive grease seal application, the inner 
layer of neoprene prevents the passage 
of oil, while the surface layers serve as 
dust guards which keep abrasive dust 
away from rotating parts. Fig. 5 shows 
a combination used with an oil filled 
bearing. In another type the entire sur- 
face of the felt is coated with a Thiokol 
composition and used as a grease seal. 
Under clamping pressure the Thiokol 
will low and provide a good permanent 
seal. Thiokol with fabric facing for 
strength and wear resistance is used for 
oil slinger rings on automobile shafts. 


ELECTRICAL INsuLATION—Probably 
the best known application of synthetic 
rubber-like materials in the electrical 
industry is as insulation on electrical 
conductors and on cables. Much work 
has been done in this country and 
abroad using Thiokol, Buna S, Koro- 
seal, and Oppanol B (polyisobutylene) 
as protective sheathings for cables. The 
low moisture absorption of Thiokol 
makes possible its use as a protective 
sheath for underground cables. Oil re- 
sistance, oxygen and ozone resistance, 
and weather exposure resistance are im- 
portant requirements which are readily 
fulfilled by the synthetic rubber-like 
materials. 

Numerous rubber substitutes have 
been developed for insulating tapes, 
tubings and extruded sheaths covering 
electrical conductors. The permanency 
of quality of plasticized polyvinyl chlo- 
rides, such as Flamenol, has been 
proven when applied directly over elec- 
trical wires. 

Among the rubber-like insulating 
tapes and tubings the plasticized poly- 
vinyl resins appear outstanding and 
fully the equal of varnished cambric in 
physical and electrical properties, as 
well as cost. They are more durable 
and flexible and will not become em- 
brittled with heat or aging. They are 
employed in covering the electrical 
wiring of a number of automobiles, 
providing a permanent seal against 
weather, moisture, oil, and grease. By 
baking at 140 deg. C. the material can 
be bonded to itself to afford a continu- 
ous seal for installations where a 
wrapped construction is employed. 

Thiokol A is best used as a non-insu- 
lating flexible jacket for cable because 
of its high resistance to moisture ab- 
sorption and penetration. Its electrical 
Properties limit it to low-voltage insu- 
lating purposes. Where higher physical 
Properties and more abrasion resistance 
is required Thiokol DF is used as a pro- 
tecting jacket for cable. It can be used 
from —40 to around 200 deg. F. tem- 
perature, 

Plasticized polyvinyl resins like Koro- 
seal or Irvolite are most commonly used 
as strip, tape or tubing which remains 
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flexible down to —20 deg. C. and has 
been used under continuous operation at 
80 deg. C. Being light colored and 
almost transparent it can be com- 
pounded in a series of bright distin- 
guishing colors. It has good dielectric 
strength and resists corona cutting. 

Neoprene is used in cable construc- 
tion where resistance to intense sun- 
light, high sun temperatures, oil, and 
abrasion is required in addition to good 
electrical properties. For that reason, 
it has been used as protection for igni- 
tion wire, and for neon sign cables. Its 
resistance to acids, alkalies and chemi- 
cals has made it useful jacketing mate- 
rial in chemical plants and oil re- 
fineries. The new Butyl rubbers will 
likely see service in chemical plants 
handling acids and alkalies. 

Perbunan is inferior to Buna S and 
to rubber in electrical properties and 
is best used as tough solvent and oil 
resistant jackets over insulation. 

Vistanex Medium is useful on cables 
because it remains flexible at —50 
deg. C. and resists solvents contain- 
ing alcohols, esters, ketones; vege- 
table and animal fats; and most com- 
mon chemicals except chlorine and bro- 


Oil hole - 


Neoprene 
layers 
Oi 
filled 
ied YY 


< \ 
н end >n housing 


Fig. 5—Oil seal, made up of alternate 
layers of felt and neoprene, on shaft with 


oil filled bearing 








mine. One disadvantage is that it is 
dificult to get the material tough 
enough to withstand handling and 


transportation. 


CHEMICAL EQuipMENT—In the field 
of chemical engineering there are appli- 
cations of rubber products which serve 
not only to relieve mechanical strain 
but also to offer resistance to the cor- 
rosive action of chemicals. Prominent in 
these applications are plasticized poly- 
vinyl chloride, polyvinyl alcohol, and 
polyisobutylene used either as a lining 
or molded part in a complete assembly. 

1. Hose and conduits—Neoprene, 
Perbunan, and Thiokol, since they swell 
less than natural rubber, are commonly 
used for hose lining for handling gaso- 
line and oils. 

A new type of hose developed for oil, 
gasoline, and air lines of diesel engines 
has been prepared by Chicago Metal 
Hose Corporation. As illustrated in 
Fig. 6, a laminated cellulosic foil sheet 
over a flexible core, is followed in turn 
by a neoprene sheathing for external 
protection. Complete protection against 
gas and oils is provided by the cellulose 
derivative. Extruded conduits and con- 
duit fittings are also available in Ger- 
many, prepared from Nipolam, which 
are particularly useful for handling cor- 
rosive chemicals. 

2. Tank Linings—With the exception 
of oxidizing acids and hot. concentrated 
acid solutions synthetic rubber-like ma- 
terials are definitely suited for protec- 
tive linings in tanks. Only the polyvinyl 
chlorides are suitable for handling oxid- 
izing acids. Various grades ranging 
from the soft to the hard are used for 
this purpose, the harder forms often 
being employed as bearing surfaces. As 
for alkalies, Thiokol is not recom- 
mended for concentrated solutions. 
Among the Buna rubbers, grade S is 
popular for handling chemicals and 
acids. A strong bonding cement is made 
by adding Thiokol to sulphur cements, 





Chicago Metal Hose Corporation 


Fig. 6—In this type of hose a laminated cellulosic foil sheet over a flexible core is 


followed in turn by a neoprene sheathing for external protection. 


Hose was developed 


for oil, gasoline and air lines of diesel engines 
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suitable for bonding refractory bricks in 
the construction of acid handling tanks. 

Some mention should also be made of 
another useful form of rubber-like plas- 
ticized polyvinyl chloride as protective 
coatings for electroplating racks. Re- 
sisting alkalies and acids, Korolac has 
been a very useful material for coating 
plating racks. It is applied while hot, 
around 220 deg. F., to the part to be 
coated, and when dried for several hours 
will change from the jelly-like consist- 
ency it was at first, to a firm adherent 
coating. This type of coating works out 
best when it is shrunk around an article 
or metal part, since it tends to pull away 
from inside corners thus tending to 
curve around rather than fitting in 
snugly. Neoprene has also been used as 
a protective coating for electroplating 
racks. 

3. Miscellaneous molded parts— 
Molded parts of synthetic rubber-like 
materials are widely employed in han- 
dling chemicals. In refrigerators, for 
example, neoprene parts handle refrig- 
erants, though more satisfactory results 
are reported for freon than for methyl 
chloride. Polyvinyl alcohol has high re- 
sistance to solvents and has been used 


successfully to handle refrigerants. 


However, because of its basic chemistry 
it dissolves where water, alcohol or 
glycerine is present. Diaphragms such 
as those employed in airplane engine 
carburetors for inverted flight, molded 
grease seal cups in fuel pumps and 


paint sprayers, are a few of ine many 
applications of synthetic rubber-like 
materials for molded parts. 


Parts FOR MACHINE Drives—Several 
types of flexible couplings for machine 
drives have been molded from synthetic 
rubbers where natural rubber couplings 
were shortlived because of the presence 
of gasoline or oils. One of these was a 
resilient disk for the magneto drive in 
an aircraft engine. The resilient coup- 
ling damps out slight variations in rota- 
tional velocity between the engine and 
the magneto. In another machine de- 
sign, a neoprene coupling transmits the 
drive of a centrifuge operating at 19.000 
r.p.m. Two pins fit into holes molded 
into the body of the coupling. V-belts of 
neoprene used on a group of sewing ma- 
chines maintained tension for a longer 
period of time than rubber ones previ- 
ously used which failed because of the 
presence of oil. 

Gaskets prepared from synthetic rub- 
ber-like materials may be: 


l. Punched from pure synthetic rubber 
sheet stock 

2. Molded from synthetic rubber-like 
materials, with or without fillers, such as 
cork 

3. Punched from sheeting mechanically 
reinforced with woven fabrics 
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Whether natural rubber or a rubber 
substitute is used depends on the oper- 
ating conditions which may or may not 
adversely affect physical properties. The 
plastic materials such as Thiokol which 
have a tendency to flow under pressure 
fill up any openings in a joint and make 
tighter seals in assemblies. However, 
there are many applications where the 
superior physical properties of the neo- 
prene or Buna rubbers are to be pre- 
ferred. Typical of these are molded 
packings in hydraulic presses where 
exceptionally good results are ob- 
tained with these materials. 


Вохомс To METaALs—Among the 
most satisfactory adhesives for bonding 
neoprene and Buna products to metal 
surfaces are the chlorinated rubber ce- 


ments. Some, such as Tornesit, have 
been successfully used to bond neo- 
prene to aluminum, brass, steel, 18-8 
stainless steel and copper. A new pow- 
dered Thiokol can be applied to metals 
with a compressed air and gas gun 
which fuses the material and causes it 
to flow together in a continuous film on 
metal surfaces. 

This review has only touched upon 
the many highlights of the application 


of synthetic rubbers and rubbe:.like 
materials which are of direct interest to 
machine and product design. There are 
a number of applications which are not 
covered, but by studying the fundamen. 
tal properties of the various materials a 
general design procedure for best apply. 
ing the materials will be apparent. An 
important factor to remember in the 
application of synthetic rubber mate. 
rials is that each one lends itself to wide 
variation in certain of its properties so 
that almost any design requirement can 
be met by adjustment of the mixture. 
It is of interest to note the recent 
efforts of the rubber manufacturers to 
develop self-sufficiency insofar as the 
rubber supply is concerned. The prob- 
lem is of much importance, about 
600,000 tons of rubber are consumed 
annually in the United States. Reserve 
stocks are not more than enough for sev. 
eral months. Nevertheless, neoprene 
production is approaching 1,500,000 Ib. 
per month, six times that which was pro- 


duced in 1939. Reliable figures from 


other manufacturers are not available, 
though it must be realized that it is diffi 
cult to obtain these, because of the 
transient nature of many present de- 
velopments. 





Fig. 7—Gaskets, to withstand the effects of heat and oxygen, made from neoprene 
cement coated asbestos for a rocker box cover on an airplane engine 
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CONTAINER DIMENSIONS 


Minimum Area of Material for Given Volume 


INCE the cost of any container is 
a direct function of the amount of 
material necessary to completely 
inclose the desired volume, it is possible 
to set up a mathematical relation be- 
tween the three dimensions: length, 
width, and depth, for the least possible 
surface area of the container. This is 


determined through application of the 
maxima and minima theory of differen- 
tial calculus. Although the following 
analysis is based on the dimension of a 
folding container, by simple analogy 
and slight changes in the formulas, the 
method may be utilized for determining 
minimum amounts of material for built- 
up housings. 

1 = length of container (inside dimension) 

w = width of container (inside dimension) 

d = depth of cantainer (inside dimension) 

V = volume of container 

A = area of material in container 
Width w always refers to the dimen- 
sion across the outside meeting flaps.. 
Hence, each of the outside flaps, is 4% w 
in width. The length / is always the 
dimension along which the outside meet- 
ing flaps open. The depth d is always 
the remaining dimension, common to all 
four sides in which there is no opening. 


Hence V = lwd 


А = 200+210+4-1+4 5-0 (1) 


A — 2wd-F2ld--2wl--2 w? (2) 
As explained previously, for lowest 
cost, obtain the minimum value of A. 
By rearranging (1) we obtain 


r 


w= 7 (3) 


ll 


Outer flap meets 
opposite outer flap-~. 


“Container is formed 
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Johnson & Johnson 


Substituting this value of w in (2) 


A - 2^ eaae 27. 7 2V' (4) 
= 7797 NM C 


By partial differentiation 
дА __2у 4v? 


gw (5) 


ðA _ و‎ _ 27 _ 


dd — Фф ФЕ (6) 


To determine minimum values, set the 


first derivatives equal to zero. Hence. 
(5) and (6) become equal 
2V 79 9V 72 
و و ی ی‎ 
Р. " ap d? dF 
y 2V? V 2V? 
ee ee ee 
j p di do d 
d=| (7) 
Substituting (7) in (6), 
o AF 40: 
21— 5 0 
в— VF — 2۷? =0 (8) 
Factoring, 
1-4 —V (unreal) 
l= WY 2V (real (9) 
from (7) d=l= ў 2V 
“ (1) 2V = 2 (lwd) 
“ (7) 2V = 2 (wP) 
* (9 P = 2wP 
= 2w (10) 
Substituting (10) in (9), 
“IV (11) 
w= N1 


tions between the three dimensions 
which will give minimum material: 


г а Tv 
Кш алай > (12) 


2 2 

The above formulas are mathematical 
ideals. In the majority of cases it will 
be found that the nature and dimen- 


sions of the articles packed will neces- 
sarily limit the application of these 
formulas. Assume 100 packages that 
are 2X2X3 in. in a corrugated card- 
board carton. 


Total volume V = 1,200 cu. in. 

"[V [1200 

Hence, w = ¥ 1" Va = ў 300 
w — 6.7 in. 

l = d = 2w = 13.4 in. 
Mathematically, the optimum size for 
this volume is 13.4 in. long, 6.7 in. wide, 
and 13.4 in. deep. Using Equation (2) 


Area = A = 2 wd+2ld+2wl+2w? 
= 808.02 sq. in. 


Actually, dimensions 13.4 x 6.7 X 13.4 in. 
will not contain 100 pieces 2x 2X3 in. 
Packed five in a row in the 3 in. dimen- 
sion and four across in the 2 in. dimen- 
sion and five high in the other 2 in. 
dimension, dimensions will be 15x 8x 
10 in. These dimensions become the 
three dimensions of one size of practical 
carton after adding a fraction of an 
inch to each dimension for clearance, 
15% x 814 x 10% in. 

Каи using Equation (2) 

Area of board = 2 wd+2 Id+2 wl+2 w* 

= 848 sq. in. 

This is 848—808 = 40 sq. in. more ma- 


terial than the theoretical determined 


К. д Outside top flap ч, Outside top flap 


To Я 
— 


by taping these two 


edges together 





| Outside bottom flap | bottom f | Outside bottom flap | 


Figs. 1 and 2—Standard container dimensioning. Left, method of joining; right, sheet surface required 
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above, or less than 5 percent over the 
mathematical minimum. 

However, this is not the only size that 
could be used for 100 packages 2x 2x3 
in., as they could be placed four along 
in the 3-in. dimension; five across in the 
2-in. dimension; and five deep in the 
other 2-in. dimension. This stack is 
121010 in. and after adding 1% in. 
for clearance, size will be 121% X 101% 
х 10% in. 

Once more applying Equation (2) 

Area of board — 903 sq.in. 

The area of material in the latter carton 
is 903—848 — 595 sq. in. more than in 
the former and 903—808 — 95 sq. in. 
more than the ideal size. Hence, the first 
practical size, namely, 1544 x 8144 x 10% 
in. is the most economical practical size 
of container. 

The mathematical relation 

Е 

кя 
is shown graphically in Fig. 3. Upon 
determining the required volume, it is a 
simple matter to locate the value of w. 

Since in the theoretical case the rela- 
tions between length, width, and depth 
are | — d — 2w, it is good practice to 
keep the length equal to the depth and 
both length and depth equal to twice 
the width. In all cases. the width should 
be the smallest dimension. The effect 
of this can best be illustrated if the 
container designed above is changed 
from 151% X81% X101% in. to 15! x 
104% x 84% in. (length, width and depth 
respectively ). 

Applying Equation (2) to the latter 
carton, 

area of board = 922 sq. in. 
which is 922—840 = 82 sq.in. more 
than in the case 15—18 x 81% X 101% in. 
Thus, it is evident that reductions in 
area can be easily affected simply by 
the proper rearrangement of dimen- 
sions. 

The foregoing can be summarized in 
a few simple rules: 

l. Determine total volume V 

2. Substitute this volume in equation 
E V and determine w or deter- 


mine w from Fig. 3. Let / and d each 
equal 2wz if possible. 

3. Width should be the smallest of 
the three dimensions. 

4. Keep length / = depth d so far as 
possible. Where this is not possible, 
the length should be the longer of the 
two. Length and depth can be inter- 
changed without altering the area of 
board involved but the length of the 
strip of tape used to close the container 
is the same as the depth of the carton, 
approximately. 

Hence, in order to use the minimum 
amount of tape, the depth should be the 
shorter of the two larger dimensions. 
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Fig. 3—Relation between container width and volume for optimum dimensioning 


Welding Reduces Cost and Weight 


ALTHOUGH REDESIGN of an entire ma- 
chine for welded fabrication may not 
always be practical, savings in produc- 
tion cost may often be made through 
the use of arc welding for small com- 
ponent parts. The commutator cap illus- 
trated below weighed 5 lb. 3 oz. in 
its former construction; it cost, includ- 
ing material and labor, $0.763. In the 
redesign, shown below right, the cupped 
part is welded to the flat disk with six 
intermittent arc welds spaced 60 deg. 
apart. Overall diameter is 53% in.; 
inside diameter is 214 in.; and overall 





Former Construction 


Commutator cap former design at left; at right, welded design and component paris 


Arc Welded 


thickness is 1 17/32 in. As redesigned, 
the part weighs 3 lb. 3 oz.; costs, in. 
cluding material and labor, are $0.320 
per piece. 

Weight saving amounted to two lb. 
or forty percent; cost saving was $0.44) 
per piece or fifty-eight percent. An- 
other result of the redesign was an in. 
crease in operating efficiency since two 
lb. weight was removed from the arma 
ture load, resulting in a corresponding 
reduction in horsepower requirements. 
Data furnished by the Lincoln Electric 
Company. 
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LOG-LOG CHARTS 


Simple Method for Their Construction 


use of charts. The alignment 
chart, normally made up of parallel 
scales properly spaced and with proper 
scales, are frequently used. They also 
have many applications to problems 
where complicated functions are in- 
volved, but in these cases the simple 
parallel scales are no longer used. 

An equivalent method which has not 
been subject to nearly as much study 
and which is frequently more easily ap- 
plied is the method of setting up the 
variables on log-log paper. For simple 
functions this method has the advan- 
tages that it is easy to apply and is made 
on paper with a printed scale already 
on it and does not, therefore, normally 
require construction of two or more 
special scales. 

Such charts are of greatest aid where 


ERTAIN types of calculations 
can frequently be simplified by 
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repeated calculations are made or where 
a given calculation is to be made at in- 
frequent intervals. The errors which 
normally occur in the arithmetical com- 
putation of long formulas are usually 
errors in units, omission of terms and 
slide rule errors. With a properly la- 
beled chart the errors arising from in- 
correct units or omission of terms is 
greatly reduced. The accuracy will be 
about the same as that which can be 
obtained with a slide rule having an 
equal length for the log cycle. 

The equation of a straight line on 
ordinary linear cross-section paper can 
be written as y = mx + b. In this 
equation m is the slope of the line, and 
b is the value of y at which the line cuts 
the y axis, or where x = 0. If b = 0 
the line goes through the origin, and the 
equation can be written as y = mx. Fig. 
l shows a plot of y = mx for various 


values of m. This type of plot has a 
limited application since the range of 
values available on any scale is not very 
wide. Also the percentage error varies 
with the part of the chart being used. 
If, for example, values for y are desired 
when x is of the order of 10, for m = 3, 
the chart in Fig. 1 would have to be 
extended 6 times its length. Also for 
very small values of x, y will be hard to 
read accurately. 

If we take the log of each side of the 
equation y = mx we get log y = log m 
+ log x. This resulting equation will 
be equivalent to the original equation 
of a straight line having a unit slope, 
that is, being at an angle of 45 deg. 
with the x axis. If there we plot log y 
and log x as coordinates, the resulting 
family of curves for varying values of m 
will be as is shown in Fig. 2. On this 
chart values can be read with a constant 


FIG.2 
Solution of Y=mX HAL 


Lei 


SAH Pf We 
LA ^ LT A 
AZ lll 


Z| Ai {I 
























c 
on Um d» OQ Со © 


N 


— 



































c 
іл ہیس س دم‎ 5 uo c o 





N 


























— 


8 10 


| i5 2253 456 
W 
FIG.3 





percentage error for any or all values. 
Furthermore the two charts can be 
drawn for any given range with equal 
ease. The range may be for 1 to 10, 
1,000 to 10,000 or 0.0001 to 0.001, on 
either scale, or a correspondingly larger 
range if multi-cycle paper is used. 

For equations of the form U — VW" 
we get upon taking logs,-the equation 
log U = log V + n log W. This equa- 
tion is identical in form with the gen- 
eral equation for a straight line if we 
let log U = y, log V = b, etc. In this 
case if W corresponds to the x term the 
slope of the straight line will be two. 
If log V is set equivalent to x in the 
straight line equations, the lines will 
have a slope of unity. In this case the 
W lines will be spaced n times the units 
apart. Fig. 3 shows in the lower section 
typical lines for U = VW’ with W taken 
corresponding to x. The upper section 
shows V taken corresponding to x and 
the W terms spaced n times as far apart 
as normal. Fig. 3 has been drawn for 
n — 2 as indicated. 

The use of the above general method 
can be extended to the solution of more 
complicated equations or to equations 
involving more variables. In the case of 
several functions the final answer can 
be obtained by first multiplying two of 
the variables then combining this result 
with a third, etc., until the final solu- 
tion has been obtained. The order of 
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selection of variables normally makes 
little difference. In some cases, how- 
ever, a more compact chart can be 
drawn for one order of variables, than 
when using another order. 

To illustrate the application of these 
charts the calculation of the bending 
moment which a rectangular beam of 
width b, and depth d can stand at vari- 
ous working stresses will be solved. 
This equation can be written as 

М = (1/6) (8564) 

The method of attack is normally to 
select any two variables and find their 
product. If for simplicity we choose S 
and b we have Z — Sb. A chart for cal- 
culating Sb will be similar to that shown 
in Fig. 4. If we wish to include the 1/6 
term we find 

U — (1/6) (Sb) 
the chart will be exactly the same except 
that the lines have been shifted on Fig. 
5 as indicated. 

Once the product 1/6 Sb has been 
calculated the product of Ud can be 
worked on a chart. This can best be 
done as is indicated in Fig. 6. If we 
trace from the value U — 1/6 Sb, which 
can in effect be read on the left-hand 
scale as in Fig. 5, to the value of d, the 
value of 1/6 Sbd" can be read on the 
lower scale as indicated. In this case the 
values of d read down rather than up. 
The reason for this being that the x 
and y coordinates are in effect changed. 
The lines are spaced as in the top part 
of the Fig. 3 chart. 

While rules could be given to deter- 
mine the slope and spacing of lines, it 
is actually much easier to work out the 
chart a little at a time, to determine the 
location and order of lines. Some ex- 
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perimenting is frequently desirable to 
determine the proper order of lines to 
give the most compact chart. As men. 
tioned above, skill in use of this method 
can best be obtained by use of the 
method and by study of other charts of 
this nature. Several of the log-log type 
charts have been given in the PRODUCT 
ENGINEERING data book examples. By 
reference to them and study of this dis. 
cussion, general ideas on the construc. 
tion of such a chart can be developed 
for many types of formulas. 


To illustrate a more complicated type 
of chart the general solution and posi- 
tion of lines for a formula involving 
many variables is indicated in Fig. 7, 
The formula used is that for indicated 
horsepower, 


asLAN 


ШР = | x 12 x 33,000 
where 
a = area of indicator card in inches’ 
l = length of indicator card in inches 
s = indicator spring scale 
L = length of stroke in inches 
A — area of piston in square inches 
N = number of strokes per minute 


This chart indicated in Fig. 7 consid- 
ers the variables in the order a, l, s, L, 
A, N. The constant term is introduced 
in the first set or in the a, / part of the 
chart. Actually these constants can be 
introduced at any place in the series of 
charts which are in effect shown. Fre- 
quently the chart can be made more 
compact by a judicious choice of the 
place of introduction of the constant 
term, in whole or in part. In Fig. 7 has 
been shown the various quantities which 
could be read off the chart desired. 
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SYNCHRONOUS MOTORS 


Consideration of Load and Inertia Effects 


F. K. BRAINARD 


A. C. Engineering Department, Allis-Chalmers Manufacturing Company 


rent motors the synchronous type 

has a number of advantageous fea- 
tures. Its starting characteristics can 
be made suitable for nearly any con- 
stant-speed drive; when running it can 
improve a low plant power factor; it 
has high efficiency; and for low-speed 
drives its price is comparatively low. 
But when selecting a synchronous mo- 
tor care must be exercised to select one 
with starting as well as running char- 
acteristics suited to the particular ma- 
chine to be driven. Conversely, the 
necessary starting characteristics of a 
motor are determined by the power re- 
quired by the driven machine during 
the starting period and by the inertia 
(flywheel effect or WR?) of the rotat- 
ing parts. As shown later, the selection 
of suitable characteristics of a proposed 
synchronous motor may depend to a 
considerable extent upon the inertia of 
the load. From the standpoint of start- 
ing it is always desirable to reduce 
the inertia as much as possible, but 
sometimes it is necessary to increase 
it to obtain satisfactory operation under 
load. 

A synchronous motor is quite similar 
in construction to a synchronous a.c. 
generator. Alternating current power is 
delivered to the armature and mechan- 
ical power is taken from the shaft, in- 
stead of vice versa, as is the case with 
a generator. Direct current excitation 
is supplied to the field winding in either 
case. Either the field or the armature 
may be the revolving element, but like 
the generator and for the same reasons 
it is usually built with the field re- 
volving. 

Before a synchronous motor can 
operate normally it must be brought 
into synchronism with the supply cir- 
cuit, connected to it, and fully excited. 
The usual method of doing this is to 
equip the pole faces with an amortisseur 
winding, which is similar to the squir- 
rel cage winding of a squirrel cage in- 
duction motor, and to start by con- 
necting the armature to the a.c. power 
supply, the field circuit being closed 
through a suitable resistance. The alter- 
nating current in the armature produces 
a magnetic field which revolves around 
the perphiphery of the armature at the 


І N the larger sizes of alternating cur- 
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rated speed of the motor. This revolving 
magnetic field induces currents in the 
amortisseur winding and in the closed 
field circuit, the reaction of which upon 
the magnetic field produces the torque 
of the motor during the starting period. 
Then after the motor has reached a 
certain speed, generally about 95 per- 
cent of full speed, direct current excita- 
tion is applied to the field winding, 
and the motor will go to full speed and 
will carry loads up to the pull-out 
torque of the motor. 

Obviously, the torque developed by 
the motor during the starting period 
must be enough to bring it sufficiently 
close to synchronism to enable it to 
pull into step when direct current 
excitation is applied; and this will de- 
pend upon the power required by the 
driven machine at this point, and upon 
the other factors mentioned later in 
this article. 

Fig. 1 shows the speed-torque curve 
of a certain synchronous motor and 
the centrifugal pump which it drives. 
The pump cannot be unloaded for start- 
ing. As is seen, the torque developed by 
the motor greatly exceeds that re- 
quired by the pump until 97 percent 
speed is approached, at which point the 
torques are equal. Direct current ex- 
citation is applied at about this speed 
and the motor pulls into step readily. 

The most desirable shape of speed- 
torque curve depends upon the require- 





Synchronous Motor 
Applications 


Air compressors 
Ammonia compressors 
Ball: mills 

Blowers, positive pressure 
Blowers, centrifugal 
Cement mills 

Dryers, cement mills 
Fans, induced. draft 
Fans, mine 

Frequency changers 
Lineshafts 
Motor-generator sets 
Pumps, centrifugal 
Pumps, reciprocating 
Rock crushers 

Rubber mills 

Steel mill drives 
Ship drives 


ments of the driven machine. A high. 
resistance amortisseur winding results 
in relatively high starting and low. 
pull-in torques, while a low-resistance 
amortisseur winding results in low 
starting and high pull-in torques. Fig. 2 
shows typical speed-torque curves of 
motors suitable for various kinds of 
service. 

Because of its effect upon the power 
system and upon the size and cost of 
the motor, it is desirable to reduce the 
load as much as possible during the 
starting period. Frequently it can be 
materially reduced quite easily as is 
the case with most reciprocating com- 
pressors, positive pressure blowers, and 
centrifugal pumps or blowers. Some 
machines, however, such as cement mills 
cannot be unloaded for starting. Others, 
such as mine fans, which have large 
rotating parts can be partially un- 
loaded. Still others, such as induced 
draft fans having heavy rotating parts 
cannot be unloaded very much. Each of 
these cases requires careful considera. 
tion, particularly those where both large 
starting loads and heavy rotating parts 
are involved. If the starting and pull-in 
torque requirements are severe it may 
be desirable to use a mechanical, mag- 
netic, or hydraulic clutch of some kind 
between a standard synchronous motor 
and the load. This is sometimes less 
costly and more satisfactory than a 
special motor suitable for use without 
the clutch. In this case the motor will be 
started light, brought up to speed, and 
fully excited before engaging the 
clutch. Care must be exercised to see 
that. the motor has enough pull-out 
torque to prevent its being pulled out 
of synchronism when the clutch is en- 
gaged. 

Excessive flywheel effect manifests 
itself in two distinct ways, both of which 
make starting more difficult. 

The first is to increase the total 
energy loss in the amortisseur winding 
during the starting period and conse 
quently the heating. This is because the 
acceleration is lower and the high 
amortisseur loss persists for a longer 
period. In an extreme case both arma 
ture winding and amortisseur winding 
might be damaged. 

The second effect is the reduction of 
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the pull-in torque of the motor. After 
reaching the highest speed at which it 
will operate as an induction motor, the 
application of d.c. excitation introduces 
an additional component of torque 
which alternates at slip frequency. This 
torque causes pulsations in speed above 
and below the mean, magnitude of 
which depends upon flywheel effect, 
other things being equal. If the fly- 
wheel effect is increased the pulsation 
in speed will be less, and the initial 
speed at the time that excitation is 
applied must be increased if the motor 
is to pull into step, because these pulsa- 
tions in speed are the means by which 
the gap between induction and syn- 
chronous operation is bridged. The 
curves in Fig. 3 explain this effect. 
The maximum slip from which it is 
possible to pull in depends upon the 
design of the motor, the inertia (fly- 
wheel effect) of the rotating parts, the 
characteristics of the system from 
which power is drawn, and the phase 
angle at which voltage is applied. 
Shoults, Crary, and Lauder (4A./.E.E. 
Transactions, Vol. 54, 1935, p. 1,385) 


give the following expression for aver- 
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Starting as an induction motor under the influence of 
an amortisseur winding and the closed field circuit, the speed 
of a synchronous motor builds up to about 95 percent of syn- 
At this point d.c. excitation is applied to the 


r pulls into step with the revolving magnetic 


age slip for the most unfavorable phase 
angle: 


Еге 
"а аа) " 


where 


8 — average per unit slip before excita- 
tion is applied, 
0.55 to 0.60 
per unit direct axis voltage corres- 
ponding to field excitation 
system per unit voltage back of line 
reactance 2; 
zı = per unit line reactance to point of 
constant voltage 
f ^ line frequency in cycles per sec. 
Н = inertia constant 
_ 0.231 X WR? X N? 
KVA X 10° 


X a= per unit direct axis synchronous 
reactance 
N = revolutions per min 
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As shown by Equation (1), the maxi- 
mum permissible slip at the time excita- 
tion is applied varies inversely as the 
square root of the flywheel effect. This 
means that if the flywheel effect is 
large, it becomes necessary to bring a 
given motor closer to synchronism than 
would otherwise be necessary; and the 
load must be correspondingly reduced. 





In order to obtain a basis for the 
comparison of the relative flywheel 
effects of various loads at various 
speeds, the N.E.M.A. has adopted val- 
ues of “normal load WR?” based upon 
the empirical expression: 


normal load WR?= 3.75 X (2) 


10° (hp) 

N? 
This expression represents ‘a value of 
inertia of driven load that can generally 
be pulled into step without difficulty if 
the torque load is not greater than the 
“nominal pull-in torque” as defined 
below. 

Pull-in torque is the maximum con- 
stant torque under which the motor 
will pull its connected inertia load into 
synchronism. Equation (1) shows that 
this depends upon the flywheel effect 
of the load and the characteristics of 
the power system, as well as upon the 
design of the motor itself, and cannot 
be determined unless these quantities 
are known. However, it has been found 
in nearly all cases that 5 percent slip 
is permissible; that is, if the motor is 
designed so that it will reach 95 per- 
cent speed as an induction motor when 
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field produced by the field current and reaches full synchro- 
nous speed, at which it continues to run at any load up to the 
maximum pull-out torque of the motor which is usually 150 
percent or more. Fig. 2—Typical speed-torque curves of motors 


suitable for various kinds of service 
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developing the specified torque, it will 
usually pull in when excitation is ap- 
plied. For this reason “nominal pull-in 


torque" has been defined by N.E.M.A. 
as the torque at 95 percent speed when 
operating as an induction motor without 
excitation. 

By assuming an adequate power sys- 
tem and by making certain other 
approximations, the ratio of “nominal 
pull-in torque” to “pull-in torque” can 
be expressed as a function of the horse- 
power and power factor ratings of a 
motor and the ratio of the W R? of the 
load to the "normal load WR.” This is 
shown by the curves in Fig. 4, and is 
useful for approximate work. If accu- 
rate results are desired, however, Equa- 
tion (1) should be used. 

As an example of the use of the 
above curves, let us assume that it is 
desired to drive a certain induced draft 
fan with a 300 hp., 80 percent power 
factor, 1,200 r.p.m. synchronous motor. 
During normal operation with the ex- 
haust gases hot it requires 275 hp. to 
drive the fan. Dampers are provided to 
reduce the load during starting, but 
because of the necessity of starting 
cold the load cannot be reduced to less 
than 225 hp. at the close of the starting 
period. The flywheel effect of the fan 
is 9,000 lb.-ft^ which is 49 times the 
normal load WR’ for the 300 hp. motor, 
as given in tables of normal WR? for 
synchronous motors. Values for A and 
B are 2.37 and 0.90, respectively, from 
Fig. 3. The required nominal pull-in 
torque will then be approximately: 

225 hp. x 2.37 x 0.90 — 480 hp. 
Therefore, a 300 hp., 80 percent power 
factor motor having a nominal pull-in 
torque of about 160 percent instead of 
the N.E.M.A. standard 125 percent pull. 
in torque must be used. This illustrates 
how important it is to give careful con- 
sideration to the flywheel effect of the 
load in applying synchronous motors. 

So far we have been considering 
only the detrimental effects of the 
inertia of the revolving parts, but in 
many cases it is necessary to increase 
the inertia to obtain satisfactory oper- 
ation of the synchronous motor-driven 
unit. This is true in spite of the fact 
that the synchronous motor is essen- 
tially a constant-speed machine. 

Additional flywheel effect is fre- 
quently used to advantage to reduce the 
variations of power and current drawn 
from the line which would otherwise 
result. If the load is a periodically pul- 
sating one, such as that of a reciprocat- 
ing pump or compressor, these varia- 
tions would frequently be serious if 
suitable values of flywheel effect were 
not used. Excessive variations of cur- 
rent result in corresponding variations 
in voltage which may cause objection- 
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able flickering of lamps supplied from 
the same circuit. In extreme cases dam- 
age to the motor is possible. The Ameri- 
can Standards Association rule cover- 
ing this is as follows: 

“When the driven load such as that 
of reciprocating type pumps, compress- 
ors, and others require a variable torque 
during each revolution, the combined 


installation shall have sufficient inertia 
in its rotating parts to limit the varia- 
tions in motor armature current to a 
value not exceeding 66 percent of full 
load current. 

“The basis of determining the varia- 


tion shall be by oscillograph and not by 
ammeter readings. A line shall be 
drawn on the oscillogram through the 
consecutive peaks of the current wave. 
The variation is the difference between 
the maximum and minimum ordinates 
of this envelope. This variation shall not 
exceed 66 percent of the maximum 
value of the full load current of the 
motor. (The maximum value of the mo- 
tor armature current to be assumed as 
1.41 times the rated full load current.)” 

In many cases the percentage varia- 
tion in power and current drawn from 
the line is less than the percentage 
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variation in torque causing it. This is 
not always the case, because there may 
be partial resonance between the íre. 
quency of certain impulses and the nat. 
ural frequency of the unit on the power 
system. 

Driving a compressor and its flywheel 
from a large power system by means 
of a synchronous motor is analogous to 


driving it from the same prime mover 
through gearing and a somewhat flexi- 
ble line shaft. It runs at an average 
speed proportional to the speed of the 
prime mover, but there may be momen- 
tary variations in speed above and be- 
low the average because of the flexible 
connection. If the prime mover is large 
compared with the compressor, it is 
easy to see that the line shaft and fly- 
wheel in the mechanical analogy consti- 
tute a torsional pendulum which will 
oscillate at a definite frequency deter. 
mined by the moment of inertia of re- 
volving parts and the stiffness of the 
line shaft. If the compressor produces 
impulses the frequency of which is close 
to this natural frequency, partial 
resonance occurs and violent oscilla. 
tions may result. In this case the varia- 
tions in torque of the line shaft will be 
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Fig. 3—Diagram A illustrates approximately the effect of the inertia of the load on 
the abiliiy of the motor to pull into step. When d.c. excitation is applied to the rotor, 
pulsations are set up as shown. If the inertia is within proper limits the motor will 
pull into step and run at 100 percent synchronous speed when the proper phase angle 
is reached. If the inertia is too great the pulsations will never reach 100 percent speed. 
To do so it would be necessary in this example to run the motor on the starting wind- 
ing up to 98 percent synchronous speed before applying d.c. excitation. If applied to 
the pump in Fig. 1 it would have the effect shown at B. The motor design would 
have to be changed to get approximate characteristics shown on the dotted line 
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much greater than the variations in 
torque of the compressor. If these oscil- 


lations are very great, the line shaft in 


the mechanical analogy might break, 
which corresponds to the synchronous 
motor dropping out of step. The torque 
per electrical radian, Pr, is analogous to 
the stiffness of the shaft. 

The A.S.A. formula for natural fre- 
quency of a synchronous machine on a 
large system is: 


35,200 P. Xf 


N WR 





(3) 


where 
P, = synchronizing power in kilowatts 
per electrical radian as defined 
in A.S.A. rules 


f = frequency of the system in cycles 
per sec. 
N = rated speed in r.p.m. 
WR? = flywheel effect of unit in Ib. ft.? 


A factor has been adopted by the 
N.E.M.A. for use in determining the 
flywheel effect needed for various com- 
pressors. Designated by C in Equation 
(4), it provides a means for comparing 
the relative values of flywheel effect of 
units of various sizes and speeds 

- 0.746 x: WR? x № (4) 
P. X f X 105 

Values of C corresponding to 66 per- 
cent power pulsation have been adopted 
by N.E.M.A. and A.S.A. for various 
types of compressors having various 
methods of unloading (A.S.A. Standards 
C-50-1936). By solving Equation (4) 
for WF R^ the following convenient ex- 
pression is obtained: 

1.34 P C (5 
(N/100)* 

By using values of C from the A.S.A. 
rules in Equation (5), the limiting val- 
ues of JF R^ are readily obtained. From 
this it is seen that the flywheel effect 
necessary for any compressor driven 
by a synchronous motor drawing power 
from a large system varies directly as 
the compressor factor C, the frequency 
of the system, and Pr; and inversely as 
the fourth power of the speed. Since Pr 
varies almost directly with the rated 
output of the motor, the WR? will also, 
other things being equal. 

The permissible values of C for a 
given compressor depend almost entirely 
upon the shape of the tangential effort 
curve. This can be shown as follows: 

Solve Equation (3) for WR? and 


substitute this in Equation (4). We then 
obtain: 


WR = 


к C 

F^ Nos (6) 
The ratio of speed to natural frequency 
thus depends upon C, and since the ratio 
of electrical power variation to torque 
Variation for each harmonic of the 
torque curve depends principally upon 
the ratio of speed to natural frequency 


May, 194] 


Standard Torque Characteristics of Synchronous Motors 





MOTOR SIZE 


General Purpose 
Up to 200 hp (1.0 power factor).... 


Up to 150 hp. (0.8 power factor)... . 


Large High Speed | 
250-500 hp. (1.0 power factor)......... 

250-500 hp. (0.8 power factor). 2l | 
600 hp. and larger (1.0 power fac tor). E 
600 hp. and larger (0.8 power factor). 


SE EC 


Torque (PERCENT OF RATED 
FULL-LOAD TORQUE) 








POLES 
Starting Pull-in | Pull-out 

| | 
1 10 | 10 `| 150 
-14 110 110 | 175 
1 125 125 200 
-14 125 125 | 250 

| 
- | по | 10 | 150 
-l4 | 125 | 125 | 200 
-14 | 85 85 150 
-14 | 100 100 | 200 
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Fig. 4—These curves are useful for determination of the ratio of “nominal pull-in 
torque” to “pull-in torque” of a motor when WR? of driven machine is known 


it will depend upon C also. Frequently 
a judicious modification of the design 
of the compressor will make a material 
difference in the permissible values of 
C, and for this reason close cooperation 
between the compressor and  syn- 


chronous motor designers is often ad- 


vantageous and desirable. 

As an illustration of the frequencies 
to be avoided, consider a horizontal 
duplex double-acting ammonia com- 
pressor with cranks at 90 degrees. This 
compressor will have an appreciable 
unbalanced impulse occurring once per 
revolution, resulting mainly from the 
angularity of the connecting rods; there 
will be no impulse occurring twice per 
revolution since whatever is produced 
by one cylinder will be neutralized by 


the other if the two cylinders are oper- 
ating exactly alike; there will be a 
small impulse three times per revolu- 
tion; and there will be a large impulse 
four times per revolution resulting 
from the four compression periods. 
Thus the impulses with which resonance 
must be avoided by a wide margin are 
those corresponding to the speed of 
the unit and to four times the speed of 
the unit. Three times the speed of the 
unit should also be avoided but not 
necessarily by as wide a margin. From 
Equation (5) these correspond to the 
following values of C to be avoided: 
9.25, 1.03, 0.58. The A.S.A. standard 
for this application is C = 2.0 to 6.0 or 
12.0 and over, which meets the require- 
ments mentioned above. 
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Question and Comment 





Elastic Limit of Flat Spring Material 


A. THOMPSON 


In designing flat springs it is neces- 
sary to assume certain definite values 
for the modulus of elasticity and for 
the elastic limit. Modulus of elasticity 
is a fairly constant property of each 
material but the elastic limit varies 
greatly, depending on the degree of 
cold working or the temper of the 
metal. 

If a sufficiently long sample strip of 
the material is available, the method 
described below permits an experimen- 
tal determination of elastic limit with- 
out the use of a testing machine or any 
instruments beyond a scale and 
micrometer. 

First let us consider a strip of spring 
material clamped at one end and loaded 
lengthwise at the free end (Fig. 1). As 
the load P is increased sufficiently the 
strip will buckle first to position (2), 
and then to position (3), bringing the 
free end on the same horizontal line 
with the point of clamping A. In this 
position the angle « will be equal to 
130 deg. 43 min., and y, — 0.7833 I as 
follows from the theory of a buckled bar 
(S. Timoshenko, Theory of Elastic Sta- 
bility, 1936, p. 72). 


If now we take a strip of length L — 
2 | and holding it by the ends bend it 
until the ends just touch, we then will 
have exactly the same conditions as for 
the buckled bar of length / described 
above. It can be shown that the bending 
stress at point А 


Et 
S = 4.2192 т 


Thus this stress depends only on the 
modulus of elasticity E, thickness of the 
strip ¢ and its total length L. 

If now we have to determine the elas- 
tic limit of material, we can proceed 
as follows: we first estimate the elastic 
limit, assuming it somewhat lower than 
expected, assume E and measure t. 


Then 


Et 
L= 4.2192 —— 


апа we cut off a piece of this length. 
We then bend it, bringing the ends 
together, and releasing find that there 
is no permanent deformation. Next we 
bend it again but this time let one end 
slide over the other, as shown in Fig. 2, 
thus reducing the active length and 





л 
yA 


М, 


measure the length A L which has to be 
deducted from L. We keep reducing the 
active length until a permanent set is 
observed, and we know then the corre- 
sponding length L and can figure out 
the stress at the elastic limit. Knowing 
the elastic limit, the allowable stress 
can be estimated with a good degree of 
certainty. 

It should not be expected of course, 
that this result will be as accurate as 
one obtained by the use of a testing ma- 
chine. Nevertheless it will be a great 
deal more accurate for the material in 
question than a figure from a handbook 
or catalog, where the elastic limit of 
cold worked material, if at all given, 
is usually shown “from-to” within wide 
limits. 


Discusses Properties 
Of Polyvinyl Alcohol 
To the Editor: 


In your issue of March, 1941, on page 
151, appeared a Reference Book Sheet 
entitled, “Properties of Synthetic Rub- 
ber-Like Materials,” signed by J. Del- 
monte. As manufacturers of Resistoflex 
PVA material (polyvinyl alcohol com- 
pound), we were keenly interested in 
this tabulation. In the references to 
polyvinyl alcohol we noticed certain 
discrepancies which we presume you 
will welcome having called to your 
attention. 

Under “Chemical,” the statement is 
made that polyvinyl alcohol is “re- 
sistant” to gasoline, oils, greases, etc. 
The word “resistance” is a relative 
term and has been badly abused by 
application to materials which swell as 
much as 40 or 50 percent and in some 
cases even 100 percent, from contact 
with various chemicals. Resistoflex PVA 
material is almost entirely unaffected 
by any of the solvents listed. 

The statement is also made under 
this section of the tabulation as well as 
under the one entitled, “Limitations,” 
that polyvinyl alcohol is not resistant 
to mixtures involving any water. glycer- 
ine or glycerol, or alcohol. As a matter 
of fact, Resistoflex PVA is being used 
extensively today for fuel lines and oil 
lines on aircraft, automotive, diesel 
engines and industrial equipment, 
where quite a substantial amount of 
water is present either in the form of 
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condensate or crankcase dilution. No 
harmíul effects have ever been noticed 
from the small amount of water usually 
present in such commercial applica- 
tions. 

As a matter of policy, the material is 
not offered for uses in connection with 
compressed air, even where a filter is 
used, or for conducting acids, alkalies, 
or other aqueous solutions. In this same 
connection, Resistoflex PVA is highly 


resistant to both methanol or ethanol 
in their anhydrous form, although both 
they and other water-soluble organic 
solvents have a tendency to leach plas- 
ticizers out of the material to some 
extent. 

This information is being submitted 
to you in no critical sense but merely 
in the interest of accuracy. 

—Epcar S. Peterts, President 
Resistoflex Corporation 


Total Load on Bolts 


WALTER M. HAESSLER 
American Car & Foundry Company 


In the “Question and Comment” col- 
umn in the February 1941 number, I 
came across the inquiry made by R. D. 
Thomsen of Milwaukee, Wis., concern- 
ing the total load on bolts and screw 
fastenings in general. I have wrestled 
often with this problem and I would 
like herewith to submit a very simple 
analysis of this perplexing problem. 

Suppose a plate suspended by two 
bolts has a load 2 W hung midway 
between the bolts (Fig. 1). Then each 
bolt is subjected to a simple axial ten- 
sion T = W and the case presents no 
ambiguity. Commonly, however, bolts 
are used to connect pieces to some ex- 
tent elastic which are bolted or screwed 
tightly together with consequent com- 
pressibility, hence creating an initial 
tension in each bolt. This tension is 
balanced by the elastic reaction of the 
pieces fastened together. If C, is the 
initial thrust per bolt of the compressi- 
ble rubber block (Fig. 2) then C, must 
also be the initial tension in each bolt 
due to screwing up. If the extension of 
the bolts is « and the compression of 
the rubber block is B per unit of load 
then the initial compression of the rub- 
ber block due to screwing up is BC, 
and the corresponding extension of the 
bolts is « C,. 


Now, after screwing up, a load 2 W 
is symmetrically applied (Fig. 3). In 
general, the tension of the bolts will in- 
crease to a value T between (W) and 
(W + C,) and the additional extension 
of the bolts will diminish the compres- 
sion of the rubber block. If 2 W is in- 
creased till the additional extension of 
the bolts is equal to or greater than the 
initial compression of the rubber block 
then the case reverts back to that repre- 
sented in Fig. 1. In most practical cases 
the bolts must be screwed up initially so 
as to prevent this latter condition. 

When, as in Fig. 3, the load 2 W is 
applied, the additional extension of the 
bolts is « (T—C,) and the compression 
of the rubber block diminishes to 8 C, 
—a«a T—C,). If C is the thrust of the 
rubber block per bolt in this latter con- 
dition then 


ВС = 8C; Ca (T — C) 
a 
gum ee 


T= WH+C= W + C= (TF — C0 


Many interesting deductions can be 
made from equation (1) 
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(a) If 8 = 0 or in other words if the 
materials being clamped were infinitely 
rigid then T = C,; i.e., the bolt tension 
would never exceed the initial screwing 
of load. 

(b) If « — 0 or in other words if 
the bolt was infinitely rigid then T = W 
+ C, and the consequent bolt tension 
would be greater than in (a) by an 
amount = P. ; 

(c) In all practical actual cases 
neither х пог 8 аге zero but their rela- 
tive magnitude is of great importance 


and the relationship 5 is the cause 
of the importance. 

(1) If the bolt is considerably elastic 
in relation to the materials being 
clamped, i.e. « (high) and Q (low) 
then the total load will only be slightly 
more than the initial screwing-up load. 
Fig. 4 illustrates this condition. The 
action of “necking” the bolt will result 
in increasing « in relation to B and 
despite the lower cross-sectional area 
the bolt will be less highly stressed 
than if the original shank of the bolt 
had been left unchanged. Examples of 
this occur in connecting rod “big end” 
bolts and other numerous cases. Like- 
wise the same result can be attained 
by using long bolts or studs to get 
flexibility such as in cylinder head 
studs. A striking example of this was 
the case of a pneumatic jackhammer 
manufacturer who found his cylinder 
head bolts were breaking frequently. 
His original design had short bolts 
holding each cylinder head to each end 
of the flanged cylinder. By substituting 
long through-bolts which simultaneous- 
ly fastened both cylinder heads to the 
flanged cylinder he found that his 
troubles were over. 

This problem can be carried on to 
include many examples but time and 
space would not permit. 

I would like to start further com- 
ment on this subject. 


Correct Designs For 
Projection Welding 
To the Editor: 


Projection welding is an excellent 
method for fastening parts, but two of 
the sketches shown in the lower left- 
hand corner of page 203 of your April 
“Designs for Speedier Production” 
number probably wouldn’t give good 
results if applied exactly as shown. 
Actually, the drawings should have 
been made as sketched below. 

A projection weld such as is shown 
in (b) should concentrate the welding 
current through an initial point contact 
between the two parts. This generates 





263 





Should be cro wneo 


SSS 


/ і 
Machined surface Excess metal 
must make tight flows into 
fit to square up groove 

core 


(b) Radio Speaker Core 


Swagea, 
\ 
. \ 
Thin \ 
sheet \ 

\ 
\ + E, 
Esse ММУ АМААМ 


Three 
projections 
on head of 

> screw 


ih) 


(ol) Welding Fastening 
screws to sheet 





sufficient heat to start a good weld, 
which then spreads over a larger area 
until a weld of the desired strength is 
achieved. To obtain this point contact on 
the radio speaker core and on similar 
parts, the end of the core should be 
rounded off as shown here. Common 
round-headed bolts, as shown in sketch 
(d) in April, page 203, are “naturals” 
in this respect. 

In projection welding fastening 
screws to thin sheets as illustrated in 
sketch (d), page 203, the sheet should 
be swaged as shown here. 

In projection welding the bimetallic 
contacts shown on page 202, it is neces- 
sary first to form slight projections on 
the backing metal of the contacts. Shape 
and number of these projections de- 
pends upon the contact’s size and cur- 
rent-carrying capacity. Bimetallic sil- 
ver contacts with monel or steel backs 
have successfully been welded to phos- 
phor-bronze springs, brass, beryllium- 
copper, steel and monel. When welding 
copper wire to lugs or to another wire, 
use tungsten-faced electrodes on the 
copper wire; bare copper electrodes 
conduct the heat away too rapidly. 

—R. T. GILLETTE 
General Electric Co. 


[Editors Note—Thanks, Mr. Gillette. 
Thanks, too, for all the extra informa- 
tion on projection welding of typical 
small electrical parts.] 


Better Late 
Than Never 
To the Editor: 


The Bureau of Aeronautics! copy of 
the March issue of Propuct ENGINEER- 
ING has just reached me and I note that 
it contains my article on “Aircraft 
Auxiliary Power." However, the state- 
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ment to the effect that “the opinions or 
assertions contained therein are the 
private ones of the writer and are not 
to be construed as official or reflecting 
the views of the Navy Department, or 
the naval service at large" (Navy Regu- 
lations, Article 113), has been inadver- 
tently omitted. Please publish a note to 
this effect in an early issue. 
— VERNON H. GRANT 
Navy Department, 
Bureau of Aeronautics 


Describes Another Method 
To Reduce Lamp Suicide 


To the Editor: 


On the “Causes and Cures” page of 
the December number of Propuct En- 
GINEERING, there is shown a method for 
redesigning a high-wattage street lamp 
reflector by putting flutes in it to reduce 
“lamp suicide.” Premature lamp fail- 
ures in inclosed street lighting lumi- 
naires, caused by excessive heat, can 
also be minimized by correct lamp loca- 
tion and special proportioning of re- 
flector contours. Primary cause of the 
damaging temperatures which cause 
lamp failures is the re-direction of the 
lamp's radiated heat rays, by the re- 
flector, right back into the base of the 
lamp. 

In designing their Reflectolux and 
Refractolux street lighting units, West- 
inghouse engineers discovered that de- 
velopment of this high temperature was 
due not only to re-direction of heat rays 
back into the lamp, but that the loca- 
tion of the lamp in the reflector itself 
also had quite an effect. 

Experiments disclosed that by locat- 
ing the lamp light-center deeper inside 


Light- center 
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the reflector, and then designing the re- 
flector contour so that the re-directed 
heat rays came at a point below the 
lamp press, temperatures inside the 
lamp, lamp press, and lamp base fell to 
lower values than with any other method 
tried. Such a design is illustrated in 
the diagram. 

In a series of tests of various reflect- 
ors using 10,000 lumen PS-40 lamps in 
the base-up position, temperature ris 
of the socket was 130 deg. C., or from 
4.6 to 13.1 percent lower than in re. 
flectors not designed to re-direct radia- 
tion away from the lamp press. Tem- 
perature rise in tests such as these is 
determined by means of thermocouples 
placed in the lamp press and socket. 

—S. B. Kraut 
Street Lighting Engineer, 
Westinghouse Electric & Mfg. Company 


Effective Bearing Loads 
For Harmonic Cycles 


To the Editor: 


Propuct ENGINEERING published on 
page 138 of the March number a dis- 
cussion by J. J. Pesqueira explaining 
a method for finding the mean effective 
load on a ball or roller bearing when 
the load cycle is known. The method 
explained by Mr. Pesqueira is general 
and can be applied to any load cycle. 
The special case of harmonically vary- 
ing load is commonly encountered and 
deserves special consideration. 

The load is proportional to sin 6 
where @ is the angle of the cycle ex- 
pressed -in radians. Also assume that 
the bearing life varies inversely as the 
cube of the bearing load. Then the 
effective load is the root-mean-cube 
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value of the load cycle. Therefore 


› è т 
(5) - Lf nan = 
Pa T o З т 
Р, 


Р, Vr 
Where P, — effective load; P,, = max- 
imum load. 
The effective load is approximately 
three quarters of the maximum load. 
—N. D. SANDERS 
Hampton, Va. 


Engineer Rowing Ashore 


Could Be More Efficient 
To the Editor: 


The method used by the “efficient 
engineer” (“Can You Work This One?”, 
January) to calculate the quickest way 





to his cottage is quite suitable, but I 
feel that his efficiency rating should be 
reduced. Perhaps if he had spent less 
time on derivatives and more time on 
arithmetic he would have arrived at his 
cottage a few seconds sooner. 

The time required as published in the 
current issue of your good periodical is 
5.34 hours. 

The triangle in the diagram repre- 
sents relative rates where 1 hr. is re- 
quired by boat, 0.6 is required to walk 
the same distance. The side adjacent 
(0.8 relative rate) is only for determin- 
ing distances on other sides of triangle. 
Therefore, 


distance by boat = 6.25 mi. 
time by boat = 2.0833 hr. 
distance by beach = 20 — 3.75 
time to walk = 325 м. 


Total time = 5.3333 hr. 


—R. B. TUTTLE 
Mt. Vernon, Ill. 


Supplements Data On 
Molded Brake Linings 
To the Editor: 


The article entitled “Friction Mate- 
ы ” . . 
rials” published in your January 1941 
number was very interesting and I 


May, 1941 





enjoyed it very much. However, there 
are a few statements which I believe 
require further clarification. 

In the discussion on molded brake 
linings, the following sentences appear 
on page 6: 

"Rigid molded materials being 
formed under pressure and the binder 
set to a rigid and infusible condition 
usually are more resistant to heat and 
more constant in frictional values over 
a relatively wide range of temperature 
than are the flexible types. Rigid 
molded linings are also less com- 
pressible and so require less frequent 
adjustment when high pressures are 
employed. 

“Molded linings in roll form are 
usually made with an integral backing 
material to increase their mechanical 
strength, and are suitable for either 
internal expanding or external con- 
tracting wrap band or shoe type brakes. 
These linings have the friction facing 
on one side only and have to be curved 
to suit design with the backing on the 
proper surface, that is, internally for 
expanding and externally for contract- 
ing brakes. Coefficients of friction 
range from 0.20 to 0.50. The linings 
are highly resistant to wear and are 
suitable for rubbing speeds up to 5,000 
ft. per min., drum temperatures up to 
500 deg. F. constant service, and up to 
100 lb. per sq. in. brake pressure. Flex- 
ibility depends on incompletely curing 
the organic binder and this type is more 
inclined to fade at high temperatures.” 

For years now the American Brake- 
blok Division of The American Brake 
Shoe and Foundry Company has made 
a flexible molded brake lining which 
is highly resistant to heat and in which 








the flexibility is not dependent upon 
incomplete curing of the organic binder. 
Actually, the flexibility of this American 
Brakeblok roll lining is obtained 
through the use of a highly heat re- 
sistant flexible bonding material. The 
bond itself is completely cured and the 
flexibility of the material depends upon 
the use of this heat resistant type of 
bond rather than upon incomplete cur- 
ing of the organic binder. 

Under extremely high unit pressures 
this flexible brake lining does compress 
slightly more than our rigid brake lin- 
ings. However. under the pressure con- 
ditions normally encountered in brake 
operation this difference in compressi- 
bility is so small as to be negligible, and 
frequency of adjustment due to com- 
pression would be no greater with this 
type of flexible lining than with a rigid 
friction material. In fact, the rate of 
wear would be a much more important 
factor in causing frequent brake adjust- 
ments than would compressibility of 
the material. Numerous tests which we 
have made have confirmed the fact that 
there are soft or flexible brake linings 
which have better wear factors than 
some hard or rigid linings. Actually 
there can be no set rules regarding the 
compressibility, heat resistance, fric- 
tional characteristics or wear factors of 
flexible or rigid linings, considering 
either as a class. 

I hope that the foregoing discussion 
will supplement and clarify the help- 
ful information which I know all your 
readers obtained from your article on 
“Friction Materials.” 

—W. A. Biume, President 
American Brakeblok Div. 
American Brake Shoe & Foundry Co. 





Can You Work This One? 


This month’s prodiem— 


Did Tilden Win This One? 


A tennis tournament was held with 
Richards, Cochet, Hunter, Tilden and 
Johnson participating. From the fol- 
lowing facts, determine the order in 
which the men finished: 

1. Cochet had once defeated the win- 
ner in ping pong. 

2. The man who finished in fourth 
place left immediately after his match. 
He went to Chicago, where he heard 
over the radio a play-by-play descrip- 
tion of the finals the next day. 

3. Previous to the tournament, the 
winner had never seen the man who 
finished fifth. 

4. Richards and Johnson frequently 
played squash together. 


5. Hunter surprised the gallery by 
beating Johnson. 

6. The winner had lunch with Hun- 
ter the day of the finals, and was in- 
troduced there for the first time to his 
opponent of the afternoon by Hunter. 


Solution to March Problem — 


Problem of Thrift 


A man, to train his three sons in 
thrift, opened a bank account for each 
with a deposit of $1 in each account. 
For the first dollar deposited by each 
son he added $2 to that son's account; 
for the second dollar he added $4, and 
so on. Total of the three deposits is now 
$200, of which the sons deposited $5, 
$7, and $9, and to which the father 
added $31, $57, and $91. respectively. 
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The Aluminum Situation 


CURRENT INCREASES in aluminum pro- 
duction (from 42,675,000 lb. in March 
to an estimated 58,000,000 lb. in De- 
cember to an estimated 75-80,000,000 
lb. by July, 1942) are astounding to 
market men. Aluminum producers are 
assuring their customers that these in- 
creases will alleviate present shortages. 
But OPM apparently still is a bit 
worried and, although slightly loosen- 
ing up on priorities, is studying ways 
to replace the metal. In the middle of 
April an advisory group of the Na- 
tional Academy of Sciences recom- 
mended to OPM: 


l. Toll fabrication of scrap. 

2. Use of thinner gages. 

3. Use of dross, sawdust, etc. in 
place of ingot for steel. 

4. Use of more 3S (manganese alloy) 
in place of 2S (pure metal) for 
greater strength and thinner gages. 

5. Regulations governing classifica- 
tion of scrap and designation of sec- 
ondary alloys made from scrap. 

6. Increased education. 

Above and beyond these, the com- 
mittee, cautioning that generalities with 


Jarman Ice Machine of 1885, 
York’s first, offers striking contrast to 
the modern high-speed compressor of 
same capacity shown at right. This 
ponderous machine stood about 20 ft. 
high, was driven by a steam engine 
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respect to substitutions are hazardous, 
and cautioning that such materials as 
brass, zinc, chrome-plating and nickel 
plating are themselves scarce, listed 
the following substitutions already in 
effect: 

Aluminum foil—oiled paper, glas- 
sine, tin foil, lead foil, cellophane. 

Bottle caps—paper, plastics, sheet 
steel protected by plastics or paint. 

Cooking utensils—cast iron, sheet 
steel, glass, pottery. 

Molding and trim— plastics. 

Motor housings—cast iron, 
steel, plastics. 

Stove grids—cast iron. 

Air blower wheels—plastics, welded. 

Washing machine agitators—plastics. 

Other industries have been quick to 
suggest substitutions. The Porcelain 
Enamel Institute reports ice trays, cool- 
ing unit fronts and doors, vegetable 
pan fronts, and other refrigerator parts 
are now being made of porcelain 
enamel instead of aluminum. Chrome 
and aluminum trim in stoves can be 
replaced with attractive colored porce- 
lain enamel. 


sheet 


(center cylinder), turned over at about 
50 r.p.m., and had a capacity of 100 
tons per day. Its modern counterpart, 
York Ice Machinery Corporation’s new 
“V/W” ammonia compressor, stands 
only 4 ft. high, occupies 1/60 the room 





"ummaries 


Plastics are coming to the front as 
a replacement material for aluminum 
in extruded molding, rods, tubes, and 
sheet. The shortage of non-ferrous 
materials in Germany has led to much 
wider use of plastics there than here. 

The immediate outlook is uncertain. 
Some authorities feel that increased 
production capacity will offset present 
commercial shortages, that government 
estimates of aluminum defense require. 
ments are perhaps too high—in short, 
that there will be plenty of the ma- 
terial to go around within a few 
months. Others are fearful that some 
move such as the ordering of an addi. 
tional 25,000 planes, each requiring an 
average of 2 tons of aluminum, may 
prolong the shortage. Sum of their 
advice to design engineers is to deter- 
mine how aluminum can be replaced 
in their products, but not to put them 
into effect unless absolutely necessary, 
or unless advisable for reasons other 
than the shortage. 

The long term outlook offers inter. 
esting speculations. It has been sug. 
gested that when the present emerg. 
ency is over, the tremendously 
expanded aluminum production facili. 
ties will lead to considerable reduc 
tions in the price. 





space, and operates at speeds up t0 
1,050 r.p.m. The 6-cylinder compres 
sor has water-jacketed heads and is 
driven by steam turbine (rear) through 
reduction gears. Elimination of vibra 
tion permits lighter foundations. 
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0. P. M. to Study 
Finishes Industry 


SPECIFIC PROBLEMS of the protective 
coatings industry arising from the de- 
fense program will be analyzed by sub- 
committees now being set up by OPM. 
Members of the thirteen subcommittees 
will include representatives of the 1,000 
manufacturers of protective coatings, 
technical experts from the 300 or 400 
raw materials manufacturers, and the 
Government. 

An adequate supply of proper fin- 
ishes is vital to the defense program. 
Not only must warships and tanks be 
protected by paint against rust, but 
also the vast army cantonment and 
defense housing programs call for huge 
quantities of paint, such items as air- 
plane bombs must be given a protec- 
tive coating if they are to be service- 
able, and even food cans call for pro- 
tective coatings. 

Many problems have developed in 
connection with supply. Tung oil and 
natural resins, vital ingredients in 
many paints, come from the interior 
of China, and war conditions have cut 
shipments heavily. Supply of many 
other raw materials, from familiar ones 
like aluminum to uncommon ones like 
phthalic anhydride, is not too abund- 
ant. 


Prizes Established For 
Welding Aircraft Steels 


Prizes TO BE AWARDED by the Ameri- 
can Welding Society at its annual meet- 
ing during October, 1941, for papers 
advancing the art of welding aircraft 
steels, including tubing and other steel 
parts for tubular assemblies, have been 
established by the Summerill Tubing 
Company. One prize is of $300, one 
is of $200, and others are of $100 
each. 


Papers may be written on any type 
of welding which can be used in air- 
craft production with steels such as 
1025, X4130, X4135, X4340. They may 
cover joint design, fabrication, or lab- 
oratory investigations. Papers must 
be submitted not later than August 18 
to the American Welding Society. 


60,000 Technical Men 
Take Advanced Training 


UNDER THE AUSPICES of the United 
States Commissioner of Education more 
than 60,000 engineers, chemists and 
other technically-trained men now em- 
ployed in industry are taking advanced 
training through extension courses con- 
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Resin-bonded plywood, Plexiglas 
windows, a hull designed on same prin- 
ciples as the Boeing Clipper. built-in 
spray deflectors such as are used on 
Navy torpedo boats, and "flying stern" 
that rides out of the water at high 
speeds all contribute to the remarkable 
performance and economy of this new 


Doane “Speed-Ship.” Hull is con- 
structed of large sheets of resin-bonded 
plywood on the stressed-skin principle, 
requiring only one-fifth as many seams 
and one-third the weight of the con- 
ventional hull. Area of windows is 20 
sq.ft., hence lighter Plexiglas instead 
of plate glass. 





ducted jointly by engineering schools 
and industries in all sections of the 
country. More than 1,000 courses are 
being offered by 127 institutions. 

This program has developed from 
the original plan of giving special 
courses to students in the engineering 
schools (P.E., Dec. 1940, p. 575). 
Some 5,000 are taking such student 
courses, but the trend is toward almost 
the entire effort being made on in- 
industry training of men who have 
graduated and who have been em- 
ployed for some time in lines similar 
to those for which there is a great 
need for special knowledge and ex- 
perience. 


Manganese Shortage 
Growing More Acute 


RECENT DEVELOPMENTS in the war have 
intensified the nation’s problem of ob- 
taining adequate supplies of essential 


manganese for steel production, Lang- 
bourne M. Williams, Jr., president of 
Cuban-American Manganese Corpora- 
tion, declared in the current issue of 
Chemical Industries. Shipments no 
longer come from Russia, which for 
years has been our leading source of 
ferro-grade manganese ore. Shipping 
rates from other sources—India, the 
Gold Coast, Sonth Africa, Brazil— 
have increased strikingly, in some in- 
stances as much as 500 percent since 
the war began. Domestic deposits pro- 
duce less than 10 percent of our re- 
quirements. 

The increasing difficulty of getting 
ships in order to bring foreign ore to 
our port has in recent months made 
the manganese problem one of active 
concern. An estimated 14 lb. of me- 
tallic manganese are used in the pro- 
duction of every ton of steel, and 
there is no commercial substitute for 


manganese in steel, stated Mr. 
Williams. 
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Substitution of plastie for alumi- 
num, magnesium, zinc and other strate- 
gic metals has been urged by E. R. 
Stettinius, director of priorities of OPM. 
Stettinius advised manufacturers to get 
in touch with Dr. Gordon Kline of the 
Plastics Section of the Bureau of Stand- 
ards. The Bureau has noted a sharp 
increase in inquiries since the Stettinius 
notice. Interest covers not only those 
using the metals mentioned, but the 
whole field of manufacturing. Great 
progress in the plastics field may result, 
but probably there will no quick and 
startling developments. Experts remind 
readers that it was thousands of years 
before men made an engine out of iron, 
and it may be a long time before large 
stress members parts to meet peculiar 
requirements will be perfected. The 
Bureau has a project assigned by the 
National Advisory Committee for Aero- 
nautics to develop special plastic mate- 
rials for aircraft. This should be re- 
garded as a long-term program, not 
likely to affect immediate defense needs. 


Two spark plugs using ceramic in- 
sulation instead of mica have been ap- 
proved by the Air Corps. There is a 
potential shortage of mica. Tests are 
showing that the flaky surface of mica 
tends to break down under overload 
conditions, and to short. Maintenance 
is said to be simpler on ceramic plugs, 
too. They are manufactured by A. C. 
and Champion. 


Diamond dies for wire drawing are 
now under OPM priorities to defense 
industry. Applications for the diamonds 
are handled by the Defense Supplies 
Corporation. Not more than 6,000 are 
available. This will raise allocation 
problems. The dies are obtained from 
the British purchasing commission, and 
are used for drawing fine wire, such as 
aluminum, tungsten, and copper for 
delicate electromagnetic equipment. A 
hole is drilled through the center of the 
stone with a needle and abrasive dia- 
mond dust. Then the diamonds are 
mounted in steel discs which are held 
in the drawing machine. Wire is cold- 
drawn through a series of progressively 
smaller dies to the size wanted. There 
is no abrasion; only compression and 
stretching. The wire being drawn is 
lubricated. The smallest practical gage 
is about 0.0003 inch. 
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Rubber under pressure, function- 
ing as female dies in forming and cut- 
ting sheet metal airplane parts, is speed- 
ing production in many plants. The Na- 
tional Advisory Committee for Aeronau- 
tics says the process has been in use 
for some years but is taking on more 
importance. Douglas Aircraft is using 
a system perfected by Henry Guerin, 
which is also licensed throughout the 
industry. Four large hydro-presses at 
Douglas are approaching an output of 
44,000 units in 24 hours. Many of the 
parts are as large as most automotive 
pressed parts. Pressures range up to 
10,000,000 lb. per sq.in. The company 
has presses of 5,000, 2,500, 650, and 
250-ton capacity. The two larger ones 
use the Guerin process, while the others 
are of a special triple-acting type for 
deep-forming. 


4,000 searchlight trailers are be- 
ing built for the War Department at a 
cost of $4,465,040. Lights previously 
were moved on trucks requiring 11 ft. 
headspace which frequently caused de- 
tours, New trailers are 4-wheel tandem 
tilting type, taking only 9 ft. headspace. 
It has a new form of “knee action” 
which makes it ride evenly on rough 
ground. Wheels are mounted at each 
end of a walking beam, pivoted at the 
center. This arrangement, combined 
with a shock-absorbing mechanism, re- 
moves most of the bounce which could 
damage delicate parts of the lamp. The 
vehicle has a smooth underside which 
prevents hanging on obstructions. It 
has a collapsible dolly wheel for maneu- 
vering, and four screw-jacks for leveling 
for operation. The trailers also carry 
the power plants. 


Quick Watson! the jewels! The 
ramifications of details in a big defense 
push are almost beyond imagination. 
The other day the Government had to 
go out, with $45,000, and expand a 
plant that makes jewels to put in instru- 
ments to put in airplanes. 


Amphibians for the marines are 
being ordered by the Navy. Contract 
has been awarded to Donald Roebling, 
Clearwater, Florida, for 200 units at a 
cost of $3,240,000. Mr. Roebling devel- 
oped his craft as a duckboat. Since 
Navy took it over it has been thoroughly 
tested and improved. On land the tank 





has a speed of 25 m.p.h. and in water, 
8 m.p.h. Traction is caterpillar, with 
extra wide cleats which furnish propul- 
sion in the water. It operates on swamp 
lands and bogs where land and water 
alternate, which could not be covered by 
either boats or tractors. The craft 
weighs 8,000 Ib., is 50 ft. long, and car. 
ries 50 men. 


A metal container of a new type 
has been developed by the Quartermas. 
ter Corps for handling water, oil and 
gasoline. The container is being further 
developed, with insulation for food and 
drink. It is made of hot dipped galvan- 
ized steel; is rectangular in shape, about 
6 inches thick, 13 inches wide, and 18 
inches high. The rectangular shape 
facilitates storage. The container can 
be easily opened by hand. A vent pipe 
attached inside the spout provides an 
even flow of liquid. Orders have been 
placed for nearly 700,000. 


Controllable pitch marine propel- 
lers have been used on small speedy 
craft for some time. John Hays Ham- 
mond, Jr., inventor, and George Colley, 
naval architect, are seeking patents on 
such a wheel for general shipping use. 
Asked their opinion of this project, fed- 
eral ship design authorities said that 
the loss of thrust in tow boats, due to 
slow speed, is pronounced; in heavily 
laden vessels there is some loss; in most 
vessels under normal conditions the loss 
is not great. They said that if control- 
lable pitch could be achieved with com- 
parative simplicity of mechanism, rea- 
sonable cost and dependability, it would 
be valuable. The proposition was very 
interesting. Beyond that they would not 
commit themselves until they have more 
information. 


Damaged water pipes and pollu- 
tion of water in seven communities were 
investigated by the American Research 
Committee on Grounding. In no case 
did the investigators find that alternat- 
ing current flowing on the pipe had 
done any damage to metal or water. In 
all cases, the cause of the complaint 
was something else: chemical composi- 
tion of the water; impurity of the metal; 
galvanic action resulting from indis- 
criminate use of many different metals; 
difference in temperature; or some 
other reason. 
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Aircraft Relay 


Special line of precision-built aircraft 
relays are designed particularly for 
minimum size and weight as well as for 
maximum reliability and resistance to 
vibration. Coils are wound on heavy 
Bakelite bobbins to insure low leakage 
and high voltage breakdown. Thorough 
impregnation is made with high quality 
baking varnish. All units are built 





around the dynamic balanced armature 
principle. Contact and coil lugs are 
located on top of the relays for easy 
accessibility. Fine silver is used as the 
standard contact material with special 
alloys available for particular applica- 
tions. Coil specifications range from 5 
to 220 volts a.c. and from 1 to 125 volts 
d.c. Allied Control Co., Inc., 227 Fulton 
St. New York, N. Y. 


Metal-Clad Micro Switch 


Roller arm metal-clad Micro Switch 
has a roller arm that is adjustable verti- 
cally through an arc of 225 deg. around 
its pivot pin, and also has a horizontal 
adjustment in eight positions 45 deg. 
apart. A 34-in. dia. roller of hardened 
and ground steel, carried on an oilless 
bronze bearing, is suitable for slide or 
саш actuation. The arm is a light- 
weight aluminum die-casting. Zinc die- 
cast housing incorporates the small pre- 
cision Bakelite Micro Switch as the 
switching element, The switch is rated 
at 1200 watts up to 600 volts a.c. It is 
single pole only, with normally closed, 
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normally open, or double throw contact 
arrangements. Switch operates on only 
2 to 4 deg. movement with provision for 
20 to 30 deg. overtravel of the arm. 
Micro Switch Corp., Freeport, Ill. 


Time Delay Switch 


This new time-delay switch, which 
provides a predetermined time delay in 
electrical control, is designed for labo- 
ratory and industrial applications in 
conjunction with magnetic relays and 
other uses where temperature changes 
are fairly constant and where slight 
variations in timing are not detrimental. 





Special compensating switches are pro- 
vided where accurate delay is essential. 
Compact switches are provided with 
four terminals, two for the heater coil. 
two for the main circuit. These are 
adjustable within the time limits of 1 
sec. to 5 min. Available in immediately 
or not immediately recycling types. nor- 
mally open or normally closed models. 


Betts & Betts Corp., New York, N. Y. 


Is and Parts 





Reset Counter 


The Microflex counter, a relay for 
limiting the number of operations of a 
machine or part in a processing cycle, 
is fully automatic, requiring only elec- 
trical impulses to accomplish the count- 
ing operation. Dial settings remain fixed 
through any number of cycles, and need 
only be reset when the operator decides 
to change the number of operations of 
the machine. It is particularly well 
adapted for use in control circuits of 
automatic machine tools and process 
controls in which a contact is to be 
closed for a predetermined number of 


LIII 
заза „авз 


е 
pe 





operations. The counter automatically 
resets when the clutch coil is deener- 
gized. The Microflex counter has an 
S.P.D.T. contact, one side of which is 
normally closed. and the other side 
normally open. Counting range is from 
0 to 400 in steps of 1. Settings can be 
read at a glance. Available in all stand- 
ard commercial voltages and frequen- 
cies. Eagle Signal Corp.. Moline, Il. 


Torflex Bearings 


Torflex bearings. rubber backed for 
insulation of noise, vibration, shock, are 
now carried in a number of stock sizes, 
representing the more popular of the 
sizes heretofore manufactured exclu- 
sively as specials. While standard as to 
diameters and in two torsional angles, 
even the standard sizes are available 
without extra cost or delay in shipping 
in optional or special lengths. This is 
made possible by the method of manu- 
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facture whereby the bearings are first 
made up in 4-ft. lengths and then cut 
to required lengths by high speed saws 
or in automatic screw machines. Range 
of the standard sizes, in diameters, is 
from is in. to 9$ in. inside diameter. 
While most of the bearings are avail- 
able with seamless steel inner and outer 
walls, a few of the most popular sizes 
to be used as rotative bearings are 
stocked with brass or graphited bronze 
inner walls. Harris Products Co., 5408 
Commonwealth Ave.. Detroit, Mich. 


Needle Aircraft Bearings 


A number of new needle bearing 
assemblies, especially intended for the 
requirements of aircraft service, are 
made in two series, designated as the 
"AR" series for normal service and 





"AT" series for heavy duty. Bearings in 
both series are provided with inner 
races and permanently attached end 
washers. All exposed surfaces are cad- 
mium plated. Additional information 
and catalog are available on request. 
The Torrington Co., Torrington, Conn. 


Temperature Relay 


This improved temperature relay des- 
ignated Type CFT has been developed 
for protection of machines and trans- 
formers against overloading. It embodies 
the induction-cylinder design, and 
supersedes the induction-disk relay. No 
change has been made in the circuit, 
and the improved relay still serves as 
the galvanometer in a Wheatstone 
bridge circuit comprising a resistance 
temperature detector in one arm and 
tapped bridge resistors in the other 
three arms. It is adjusted to close its 
low-temperature contact at 80 deg. C, 
and its high-temperature contact at 95 
deg. C with a 30 deg. C ambient tem- 
perature. The balance point is midway 
between, as determined by the tap used 
on each of the three tapped bridge re- 


270 





sistors. The other taps permit adjust- 
ments, so that the ba:ance point can be 
made higher or lower, and still keep 
range between the closing of the con- 
tacts. The relay is affected very little by 
ordinary variations in the voltage sup- 
plied to the bridge circuit. General 
Electric -Co., Schenectady, N. Y. 


Industrial Rectifier 


These Electron industrial rectifiers 
are designed to supply d.c. from a.c. 
lines for the purpose of driving adjust- 
able speed motors for machine tools, 
or for any other similar industrial 
power problem where d.c. is needed. 
These units are silent, cost less than 
rotating equipment, and are portable 
for units up to and including 1% hp.., 
being equipped with plug connections. 





Housed in ruggedly built, scientifically 
ventilated steel cases, properly fused. 
Case can be locked. Standard rectifiers 
are for use on 50 or 60 cycle lines, 110 
or 440 volts a.c. input, in sizes from 14 





to 10 hp. Rectfiers for other voltages, 
frequencies or horsepower rating- can 
be furnished promptly on special order, 
Electron Equipment Corp., Palm 
Springs, Calif. 


Flat Transmission Belt 


A new method of combining 34.oz 
duck with a special impregnating ma. 
terial provides improved grip and 
greater resilience in this new Octopus 
flat transmission belting. The belt runs 
at low tension to protect bearings and 
to provide longer service. The belting 
has a distinctive green color. Octopus 
requires no belt dressing, and is not 
recommended for oily drives. Belt rating 
data sheet and description is now avail. 
able. Manheim Mfg. & Belting Co., Man. 
heim, Pa. 


Pressure Switch 


Pressure switch No. 611-030, is de. 
signed for use on domestic water pump, 
pneumatic and oil systems, to control 
starting of small 


the stopping and 





single- or polyphase a.c. motors on pre 
determined pressure settings. Working 
pressure ranges up to 80 lb. per sq.in. 
inclusive, and the differential between 
the “on” and “off” position may be 
specified and adjusted according to 
customers’ requirements. Adjustments 
for various pressure ranges are easily 
made. Jefferson Electric Co., Bellwood 


Ill. 


Bearing Greases 


Two new lines of lubricating greases 
for ball and roller bearings are available 
in a wide range of consistencies for any 
method of application or operating co 
dition. One, designated Gulí Anti-Frie 
tion Grease, is recommended for heavy 
duty service. The other, Gulf Precision 
Grease, is recommended for lighter 
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duty and higher speeds. Both have a 
high melting point and are specially 
prepared for greater resistance to oxida- 
tion and separation. Gulf's newly devel- 
oped method of compounding, employ- 
ing special high pressure kettles and 
mixing methods, produces these greases 
with a relatively smooth, non-fibrous 
texture, which gives a true picture of 
their consistency. Consistencies recent- 
ly recommended by the National Lubri- 
cating Grease Institute went into effect 
March 1, 1941. Gulf Oil Corp., Gulf 
Refining Co., Pittsburgh, Pa. 


Cam Operated Controller 


Extreme ease of operation with posi- 
tive feel of all speed operations is ob- 
tained in these new cam-operated, mill 
duty electrical controllers by using an 
adjustable compression type of star- 
wheel spring. Available in two-speed, 
three-speed, and multi-speed types, the 
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controllers are ideal for mill auxili- 
aries, crane hoist, bridge, and trolley 
applications. Contacts are vertical, 
double break,  silver-to-silver. Сат 
shaft operates on ball bearings sealed 
against dust. Easily accessible ter- 
minal board simplifies installation and 
service. A heavy cast case and cover, 
for either separate or bench board 
mounting, provide protection from dust 
and mechanical injury. Optional fea- 
tures include spring return, “off” posi- 
tion latch, two, three or five speeds. Cut- 
ler-Hammer, Inc., Milwaukee. Wis. 


Hardness Tester 


This new hardness tester, called “The 
Impressor” is for aluminum alloys or 
similar soft metals, plastics, hard rub- 
her, and the like. It will permit testing 
the hardness of finished parts of almost 
any size or shape. It is small, light 
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weight, and can be carried in the pocket 
for instant use. A slight pressure 


against the surface to be tested gives 
an instantaneous, direct reading on the 
plainly visible dial. No experience in 
the use of the instrument is necessary, 





and its accuracy is not affected by the 
operator. The Impressor may be used in 
any position, vertically, horizontally, or 
even inverted, thus making it possible 
to check the hardness of vital points 
after parts have been fabricated in fin- 
ished assemblies. Barber-Colman Co., 


Electrical Div.. Rockford, Ill. 


Transparent Tubing 


This new transparent tubing is made 
by spirally wrapping acetate tape over 
a steel form of the required inside 
diameter, and using a new acetate 
cement for the adhesive to insure a 
solid non-separating wall. Being pre- 
formed, the tube will not shrink, elimi- 
nating one of the difficulties found in 
extruded acetate tubes. Due to its 
superior dielectric properties, it is rec- 
ommended for many high frequency 





and electronic applications found in the 
radio and electrical industries, and for 
certain types and applications of low 
amperage cartridge fuses. Being highly 
transparent, not easily broken, and hav- 
ing a low moisture absorption rate, it 
has been suggested for liquid gages 
where temperatures do not exceed 180 
deg. F. Precision Paper Tube Co., 2033 
Charleston St., Chicago, Ill. 


Varnished Fiber Glass 


Glass cloth, impregnated and coated 
with heat resisting varnishes developed 
especially for this purpose, is now 
available for use as an insulation by 
manufacturers of electric motors, gen- 
erators and similar equipment. The var- 
nish coating over the woven glass cloth 
greatly increases its resistance to abra- 
sion, impact, increases its overall me- 
chanical strength, and results in a ma- 
terial with a higher insulation resistance 
and heat resistance than other flexible 
insulations. Standard thicknesses range 
from 0.005 in. to 0.012 in.; standard 
widths are available up to 36 in. Colors 
are black or yellow. Special combina- 
tions, varying as to thickness, coating, 
tightness of weave, filament size, and 
varnish, can also be developed. Irving- 
ton Varnish & Insulator Co., 24 Argyle 
Terrace, Irvington, N. J. 


Fusible Cap 


Fuse protection for the individual 
electrical tool or machine can be 
provided with this new three-wire fusi- 
ble cap. The machine may be fused to 
its exact capacity, with no dependence 
upon the line fuse. This also protects a 
small motor from overload. Body is 





made of special impact-resisting Bake- 
lite, and exposed metal parts are cad- 
mium plated to resist corrosion. Cap is 
made for use with 20 amp., three-wire 
Twist-Lock receptacles and connectors, 
and is available in capacities from 0 to 
15 amp., 250 volts. Harvey Hubbell, Inc., 
Bridgeport, Conn. 


Koroseal Paint 


Developed to protect metal surfaces 
against chemical reactions and recom- 
mended for service where extremely 
corrosive conditions disqualify any other 
kind of paint or coating, the base of 
this new paint is Koroseal. When thor- 
oughly dry, the paint is extremely re- 
sistant to the action of fumes and vapors 
from acids, alkalies and salts at room 
temperatures or slightly above. It re- 
sists all acids except concentrated 


formic and acetic, and is not affected 
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by brass, chrome, nickel, cadmium, zinc, 
copper, silver or tin plating solutions. 
The new paint is liquid at room tem- 
peratures and requires no heating before 
application. At ordinary temperatures 
it can be either sprayed or brushed, and 
can be thinned with either brush or 
sprayed thinners when necessary. It is 
made only in semi-glossy black. The 
B. F. Goodrich Co., Akron, Ohio. 


Small Mercury Switch 


This new low-price all-metal mer- 
cury switch, called the “Tipit” switch, 
has a capacity of !5 amp. at 24 volts, 
and 4 amp. at 6 volts. The Tipit switch 
mounts in a small holder with screw 
stakes for terminal connection. It oper- 





ates on a tilt of 20 deg. or more. It is 
used by automobile manufacturers as a 
convenient switch to turn the rear trunk 
light on when the lid is lifted and off 
when the lid is lowered. Other uses are 
for under-the-hood illumination, glove 
compartment lighting, advertising dis- 
plays, and even toys and novelties. Also 
ideal for use in explosive atmospheres 
and on electrical machinery. Durakool, 
Inc., 1010 N. Main St., Elkhart, Ind. 


Improved Magnetic Steel 


This improved magnetic silicon steel, 
known as “Hypersil”, has one-third 
greater flux-carrying capacity than the 
best conventional silicon steel. In 
carrying this increased flux it requires 
no more magnetizing force and its 
losses will be no greater. Furthermore, 
its magnetostriction, or sound produc- 
ing property, is reduced so that in- 
creased magnetic flux causes no in- 
crease in sound level. In its first 
application it has reduced size and 
weight of distribution transformers as 
much as 25 percent, and has facilitated 
reduction of copper losses by 10 per- 
cent, thereby increasing short-time 


overload capacity. Curves of flux 
density plotted against magnetizing 
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Core Loss 


Flux Density 


force and core loss plotted against flux 
density are shown. The improved mag- 
netic properties of Hypersil are pro- 
duced by a special heat-treatment tech- 
nique which rearranges the steel crys- 
tals in orderly patterns. The develop- 
ment was made jointly by American 
Rolling Mills Company and Westing- 
house, and is now used exclusively by 
Westinghouse. For further details 
write Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


Capacitor Motor 


This new Tri-Clad capacitor motor 
features modern appearance, and bet- 
ter mechanical and electrical protec- 
tion as well as protection against oper- 
ating wear and tear. It can be obtained 
with either ball-bearing or sleeve-bear- 
ing construction, and is available in 
two types, Туре КС апа Туре КС). 
Type KC is designed particularly for 
applications requiring moderate starting 
torques such as fans, blowers, and cen- 
trifugal pumps. Type KCJ is designed 
for compressors, loaded  conveyors, 
reciprocating pumps, and any other 
applications requiring high starting 











torque. Capacitors are mounted in «ide 
the end shield in the normal-to: que 
motor; in the high-starting torque mo- 
tor capacitors are mounted in a com- 
pact case on top. In both of its forms, 
the capacitor motor incorporates all 
of the protective features of the Tri- 
Clad line. General Electric Co., Schenec- 


tady, N. Y. 


Babbitt Lined Bearing 


These new “Fusion Bonded” steel 
backed, babbitt lined bearings have a 
definite junction between opposite met- 
als which prevents flexing and ultimate 
cracking of the bearing lining, and are 
claimed to have higher load carrying 





capacity at elevated temperatures. The 
lining metal has inherent characteristics 
that produce a uniform structure, has 
good conformability, embedability, non- 
scoring qualities and retains hardness 
values. Present sizes are limited to in- 
side diameters ranging from 1.125 to 
4.00 in. Curtis Development & Mfg. Co., 
3266 N. 33rd St., Milwaukee, Wis. 


Phenolic Molding 


Compound 

А ^ new general-purpose phenolic 
molding compound, known as Durez 
775 Black, has been developed to make 
available a material which would have 
a wider range of application than ex- 
isting general-purpose materials. 
Among the improvements over present 
compounds of this type are: lower water 
absorption, slightly higher flexural and 
tensile strength, heat resistance of 400 
deg. F. It is also stated that Durez 
775 Black has excellent molding charac- 
teristics, fast cure, and will deliver 4 
smoother, more lustrous finish than the 
average general-purpose material. 
Durez Plastics & Chemicals, Inc., Walek 
Road, North Tonawanda, N. Y. 
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Manufacturers’ | Publications 


Materials 


Bearinc Bronze—Johnson Bronze Co., 
New Castle, Pa. Catalog 410, 76 pages, 
84xll in. Complete catalog listing of 
Johnson stock bushings, bearings, bar 
bronze, and babbitt. Some engineering 
data is included. 


CELLULOSE AckETATE-—Hercules Powder 
Co.. Wilmington, Del. Bulletin 364-B, 28 
pages, 84x11 in. Gives data on properties, 
application and formulation of cellulose 
acetate in the plastic, lacquer, film, foil, 
paper, electrical, automobile and other 


fields. 


INSULATION MATERIALS Continental- 
Diamond Fibre Co., Newark, Del. Bulletin 
8 pages, 93x11 in. This well-illustrated 
booklet contains much selection data for 
laminated plastics, vulcanized fibre, mica, 
and other insulating materials. 


MEEHANITE—Meehanite Research Insti- 
tute of America, Inc., Pittsburgh, Pa. Bul- 
letin 12, 8 pages, 43x11 in. This folding 
type brochure illustrates and describes 12 
industrial applications of different types 
of Meehanite castings. 


SYNTHETIC RUBBER—Hydrocarbon Chem- 
ical & Rubber Co., Akron, Ohio. Bulletin, 
8 pages, 81x11 in. This non-technical 
booklet describes the physical properties 
of Hycar synthetic rubber and compares 
it with natural and other synthetic rubbers. 


Mechanical Parts 


Bearincs—Clawson & Bals, Inc., Chi- 
cago, Ill. “Getting the Most from Engine 
Bearings," 32 pages, 81x103 in. This com- 
prehensive booklet has been prepared as 
a manual data on engine bearings. In- 
cluded are the causes and the diagnoses 
of most common bearing failures. 


Brake AND CLutTcH Facinc—S. K. Well- 
man Co., 1381 E. 49th St., Cleveland, Ohio. 
Bulletin, 40 pages, 84x11 in.  Pictorially 
shows the wide range of applications where 
Velvetouch, a friction material made from 
sintered powdered metals welded to steel, 
can be installed in friction clutches or 


brakes, 


Diese. Encines—Caterpillar Tractor Co., 
Peoria, Ill. Bulletin 5850, 48 pages, 8x104 
in. Discussion of diesel engine design 
with profuse use of cut-away photographs, 
treating each part of the engine separately. 

orsepower ratings, complete specifications, 
and performance charts are included. 


Miniature Batt Beartncs—Landis & 
Gyr, Inc., 104 Fifth Ave., New York, N. Y. 
Bulletin 3, 6 pages, 84x11 in. Illustrates, 
labulates dimensions, and gives load capa- 
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city and speed ratings of miniature ball 
bearings available in sizes ranging from 
1.5 mm. up to 20 mm. outside diameter. 


SPEED REpucER— The American Pulley 
Co., 4200 Wissahickon Ave., Philadelphia, 
Pa. Catalog R-41, 12 pages, 84x11 in. 
Describes the new American Reduction 
Drive, and illustrates several typical appli- 
cations. Data on how to select the correct 
drive are included. 


SpeED Repucers—Winfield H. Smith, 
Inc., Springville, Erie Co., N. Y. Catalog 
No. 141, 36 pages, 84x11 in. Complete 
catalog descriptions of all types of gear 
and differential speed reducers covering 
the range from fractional to 100 hp. with 
ratios from 2:1 to 20,000:1. 


TANK Supports—Templeton Kenly & 
Co., 1020 So. Central Ave., Chicago, lll. 
Engineering Data Form Tank-41, 8 pages, 
85х11 іп. Describes Simplex adjustable 
tank supports and saddles for mounting 
wood or metal vessels of all types. Meth- 
ods of fastening and welding are shown. 


TRANSMISSIONS—Graham Transmissions, 
Inc., 2711 N. 13th St., Milwaukee, Wis. 
Manual 501, 83x11 in. Principles of metal- 
lic friction, with explanatory curves and 
diagrams are set forth. The manual also 
summarizes applications of various types of 
variable speed transmission, and states 
when and when not to use a unit of the 
Graham type. 


VaLvEs—Manning, Maxwell & Moore, 
Inc., Bridgeport, Conn., Bulletin 4-4500, 
8 pages, 83x11 in. Describes the applica- 
tion of Superfinish to the manufacture of 
the “500 Brinell” bronze valves. 


V.BELTs—American Pulley Co., Phila- 
delphia, Pa. Catalog W-41, 40 pages, 84x 
ll in. Contains complete engineering data 
for the design and selection of American 
“Wedgbelt” V-belt drives. 


Electrical Parts 


ADJUSTABLE SPEED DnivE—Reliance Elec- 
tric & Engineering Co., Ivanhoe Re., Cleve- 
land, Ohio. Bulletin 310, 8 pages, 84x11 
in. Describes the new all-electric adjust- 
able-speed drives for a.c. circuits. These 
units are now available in horizontal in- 
stead of vertical mountings in the smaller 
sizes. 


MAGNETIC Starters — The Trumbull 
Electric Mfg. Co., Plainville, Conn. Cir- 
cular 330, 4 pages, 84x104 in. Illustrates 
and describes the new line of combinatiop 
magnetic starters, now available in sizes 
No. 1, No. 2 and No. 3, which include a 
motor circuit switch, disconnect and mag- 
netic starter in one cabinet. 


Micro SwitcHes—Micro Switch Corp., 
Freeport, Ill. Form 52-1, 36 pages, 94x12 
in. Complete engineering data on preci- 
sion snap-action switches, including dimen- 
sions, prices, operating characteristics, and 
information as to their use. 


Morons—Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. Leaflet B-6131, 4 pages, 84 
xll inches. Illustrates and describes Lo- 
Maintenance Type E, d.c. motors and gen- 
erators for ratings to 200 hp. at 150 kw. 


Motor Controts—General Electric Co., 
Schenectady, N. Y. GEA-3531, 8 pages, 
8x103 in. “How to Select Control for 
D.C. Motors,” is the title of this booklet, 
which includes a selection chart listing 
different G.E. control methods. 


VOLTAGE REGULATOR — Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
Descriptive data 31-260, 19 pages, 83x11 
in. Describes the Silverstat voltage regu- 
lator for a.c. and d.c. generators. A data 
sheet lists all information required to make 
proper selection. 


Instruments and Regulators 


CowTRoL EqviPMENT— Wheelco Instru- 
ment Co., 1929.33 S. Halsted St., Chicago, 
Ill. Bulletin V-4000, 12 pages, 84x11 in. 
Lists and briefly describes all Wheelco 
equipment for registering and controlling 
temperature, oil-fired equipment, and sim- 
ilar applications. 


[лош Lever Gaces—The Bristol Co., 
Waterbury, Conn. Catalog 1015, 84x11 in. 
Describes float, pressure bulb, pressure, 
air bubbler, counterpoise and differential 
pressure water and liquid level gages for 
all types of applications. 


Engineering Department 


ABRASER— Taber Instrument Co., N. To- 
nawanda, N. Y. Bulletin 4012, 6 pages, 
734x103 in. Describes the new Research 
Model Taber Abraser. This new instru- 
ment incorporates many important im- 
provements over previous models, all of 
which improvements are described in this 
bulletin. 


BLUEPRINTER—C. F. Pease Co., 2601 №. 
Irving Park Rd., Chicago, Ill. Bulletin 
22-16, 4 pages, 84x11 in. Briefly describes 
and illustrates the new combination Mod- 
el “22-16” blueprinting machine. 


OFFICE EQUIPMENT—Angle Steel Stool 
Co., Plainwell, Mich. Bulletin 10-16-40, 4 
pages, 83x11 in. Illustrates many types of 
steel office equipment, many of which are 
adaptable to modern drafting rooms. 


Tracing CirotH—Arkwright Finishing 
Co., Turks Head Bldg., Providence, R. I. 
Catalog 1041, 64x34 in. Contains all in- 
formation necessary to pick out the proper 
type of tracing cloth. Samples of the five 
Arkwright tracing cloth products have 
been inserted. 


Anodic Oxidation Of 
Aluminum and Its Alloys 


Dr. A. JENNY, TRANSLATED BY WINIFRED 
LEwis—231 pages, 6ix9 in., 107 illustra- 
tions, 36 tables. Published by Chemical 
Publishing Co., Inc., 234 King St., Brook- 
lyn, N. Y. Price $6.50. 


Technically and commercially anodic 
films rank in importance far ahead of 
chemically produced protective films 
for aluminum and its alloys. The num- 
ber and extent of existing and newly 
erected plants for the production of 
anodic films are in themselves sufficient 
evidence. 

It is the purpose of this book to pre- 
sent an up-to-date general survey of 
anodic oxidation of aluminum and its 
alloys for the technical reader who 
lacks time to study the scattered liter- 
ature on the subject. An introductory 
study of electrochemical theory, with- 
out which the processes of anodic oxi- 
dation cannot be understood, is given. 

The author, Dr. A. Jenny, was Direc- 
tor of Research of the Siemens and 
Halske A.-G. Electrochemical Labora- 
tories, and a foremost authority on the 
subject. In translating from the Ger- 
man, Mr. Lewis supplemented the text 
with information gained from the Brit- 
ish Aluminum Company. 


Temperature—Its Measurement 


And Control 


1,361 pages, 64x94 in. Published by 
Reinhold Publishing Corp., 330 W. 42nd 
St., New York, N. Y. Price $11. 


This book is the record of a *Sym- 
posium on Temperature—Its Measure- 
ment and Control in Science and Indus- 
try," held in New York in November, 
1939, under the auspices of the Ámer- 
ican Institute of Physics. The sympo- 
sium was one of which the Institute 
could be justly proud, and had as its 
purposes: (1) coordination of the treat- 
ment of the subject of temperature in 
the several branches of science and 
engineering, (2) review of fundamental 
principles and a recapitulation of re- 


cent progress, (3) accumulation of 


contributions for a comprehensive text 
to be published after the symposium, 
(4) emphasis on the importance of 
temperature as a branch of physics, 


(5) improvement of technical curricula 
through making the latest information 


274 





Chapters of particular in- 
terest to product engineers are: Preci- 
sion Thermemetry, Automatic Tempera- 
ture Regulation and Recording, General 


available. 


Engineering, Optical and Radiation 
Pyrometry, and Thermometric Metals 


and Alloys. 


Pressworking of Metals 


C. W. HiNMAN—443 pages, 6àx91 in., 
423 illustrations. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., New York, 
N. Y. Price $4. 


Although this book is prefaced as 
*a reference book illustrating and de- 
scribing practical applications of the 
principles used in the design of punches 
and dies," and is aimed at the produc- 
tion engineer, it is an excellent com- 
prehensive treatise of a subject which 
ought to be fully understood by the pro- 
gressive product engineer. A study of 
up-to-date principles of pressworking 
may lead to the redesign of parts in 
order to do by stamping a job formerly 
done by some more expensive process, 
to reduce scrap strip, to simplify press- 
working operations, or to affect other 
production savings. 

Pressworking of metals, according to 
Mr. Hinman, involves three outstand- 
ing factors: the press, the work mate- 
rial, and the die. In reviewing each 
of these fundamentals, the author first 
describes up-to-date presses, what they 
can do, and their accessories. Work- 
ability of and specifications for order- 
ing sheet materials are next discussed, 
and the remainder of the book deals 
with die designing and operations. 


Aircraft Tubing Data 


EDITED BY JOHN E. YOUNGER—142 pages, 
9àx11à in. Published by Summerill Tub- 
ing Co., Bridgeport, Pa. Restricted com- 
plimentary distribution; price to others 
$1.50, $2 with ring binder. 


In this one volume are contained prac- 
tically all the data of value to the engineer 
relating to aircraft tubing. The book is di- 


vided into four sections. The first section 
covers general information, such as its 
manufacture, tolerances, government speci- 
fications, what the tubing mill can supply. 
The second section covers fabrication 
methods, including much data and illustra- 


tions which have appeared in Pnopucr Ew- 
GINEERING. Discussions on welding are par- 








ticularly noteworthy. Section three in. 
cludes 62 pages of design charts, design 
data, tables of properties and formulas for 
aircraft tubing. Section four contains many 
commonly used reference tables. This book 
will undoubtedly become the “bible” of 
aircraft tubing design. 


Handbook of Special Steels 


124 pages, 53x7% in. Published by Alle. 
gheny Ludlum Steel Corp., Pittsburgh, Pa, 


All special steels, such as tool, stainless, 
electrical and carbon steels, manufactured 
by Allegheny Ludlum are covered in this 
book, which lists data covering grades, heat- 
treatment, annealing, electrical properties, 
strength and elasticity. Tables have been 
used throughout the handbook to facilitate 
quick reference. Some of these tables list 
typical applications of the special steels, 
Reference tables listed in the back of the 
book give complete dimension and weight 
data as well as many other tables commonly 
used in the design and machining of special 
steels. 


Felts for Sealing 
And Lubricating Bearings 
R. R. SrEvENS—42 pages, 5àx8i in. 
Published by the Felters Co., Inc., 210 
South St., Boston, Mass. 


Purpose of this booklet is to give a gen- 
eral explanation of the properties and de. 
sign engineering of felt. Supplementing the 
text, many photographic illustrations and 
engineering drawings illustrate applications 
of felt seals in ball and roller bearings, 
journal boxes, machine shafts. Tables in. 
cluded in the booklet list the physical 
requirements, thickness tolerances and 
chemical requirements for the various 
S.A.E. specifications. 


Bolts, Nuts and Screws 


COMPILED BY A. E. R. PeterKa—70 
pages, 9x12 in. Published by Lamson & 
Sessions Co., Cleveland, Ohio. Price $1. 


The sum total of bolt and nut manufac- 
turing experience and research cannot be 
found in the files of any one manufacturer, 
and would be difficult to find in text books 
or in technical libraries. But, over the 
past few years a number of articles have 
been published on the subject in technical 
magazines, many of them written by Mr. 
Peterka. Fourteen of the best of these 
technical articles have been compiled in 
this book. 


Hot-T inning 


Publication 102, 28 pages, 81x10 in. 
Published by Battelle Memorial Institute, 
505 King Ave., Columbus, Ohio. 


This booklet gives a comprehensive ac 
count of the different processes used in 


the tinning of articles fabricated from mild 
and carbon steels, copper and coppe 
alloys, cast iron and certain alloy steels. 
Various types of tinning baths and factors 
governing their choice are discussed. 
Operating temperatures, bath maintenance, 


brightness of coatings and retinning àr 
covered. 
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REFERENCE BOOK SHEET 


BELT DRIVES WITH IDLER PULLEYS 


Belt Length and Arc of Contact 


E. N. KEMLER 


Associate Professor, Purdue University 


FonMULAS for calculating belt lengths and arcs of contact 
for drives using idler pulleys have not been reduced to a 
usable basis, and are not normally considered in the texts or 
reference books on the subject. This Reference Book Sheet 
gives a practical and simple method for determining these 
values for this type of drive with any degree of accuracy 
desired. For most purposes the formulas can be reduced to 
simple forms as given here. 


Belt Length 


The approximate formula normally used for the length L 
of an open belt drive is 


Y T (Di =» Рр»)? 
L=2C+ Ж (Dı + Də) p р 
and for crossed belt drive 
Lan qt 4. S. у 4L (Pi + D2)? 
1 2C + -z (Dı + D3) 746 


Where D, and D, are the pulley diameters and C the dis- 
tance between pulley centers. 

The belt drive using an idler pulley is illustrated in Fig. 1. 
The length of the belt can, for purposes of derivation, be best 


broken up into the lengths of P, Q, R, S, Y, U, V and W. The 
section P is obviously half of the length of an open belt drive 
going around pulleys D, and D.. The sections Q and Y are the 
90-deg. wrap around each of the pulleys D; and D.. The sec- 
tions R and S are parts of crossed belt drives whose center 
distances are A and B respectively and whose lengths are 
found by taking one-half the value of that equation which 
does not include the wrap around the half pulley diameter of 
each pulley. The overlapping of these various sections is 
shown by U, V, and W, and these lengths must be subtracted. 
These segments can be calculated if the angles a and Q are 
known. As in the case of the belt formulas the angles a and 
8 can be expanded in terms of a series giving a simpler solu- 
tion. From Fig. 1, sin a = E/B, or a — sin "E/B 


The length W will be equal to Є a) 


The arc sin can be expanded in a series giving 


3 5 
——— — +($) xi + (5) x 3/404 . 


If E/B — Y5 or less, the second term will be 1/48 or less, 
so that for any normal values the error will be small. As an 
approximation a = E/B. Similarly, 8 = E/A. 





Fig, 


Мау, 194] 


l—Diagram of a belt drive with an idler pulley showing how the belt is divided into sections to facilitate computations 
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Applying the above formulas, we have the various lengths 
making up L to be as follows 


Ч ‚ уз T (D, — Da)? 
І yf z +5 (D, + D) 4 =, | 


Q 1 D; Y A D: 


(ру + Dj? (0+ ра)? 
| l5 2: T \ li 2B Р 
R [м t | IE 1 | 


Se . s im fs, m 

t A ^73 ie des a es 2 [4 | Е | 
Then L =P+A+Y+R+S— U — V۷ —- ¥ 

(Dı "р D.» 


T T T 
j C4 + )) 4- 4 ^ 4 Jo + 2 
Í 4 (D, D+) { > 4 I b Ud 4 I 9 1 


SC 
(Di + Рз)? a (Ds + Рз)? Е Dı 
on 8B "anim 


„E D D[E,E 
EOIN 8 


This reduces to the simple form 


L= (C + A + В) + (ә. + Р») + > NM 
8C 
(0, + Рз)? (D: + Рз)? 
8А 8B 


_E (D.4+D:\_ E (D2+Ds 
A 2 B 2 


If a more accurate formula is desired the more complete 
expansion of the are sin can be substituted where E/A and 
E B occur. 

In the above equation E is considered positive if the center 
of the idler pulley falls above the center line of the other two 
pulleys as shown in Fig. 1. If it falls below the center line E 
becomes negative. 

Example—As an example take a case where C = 50 in., 
D: = 30 ia. D = 5b, 7: = Be, C= Vin, 4A sS ia, 
and E = —1 in. 


T ag p q (30-5) | (30+8) 
2 (80+ 5) + 6550 8 X 40 


(5--8* = 30 +8 Е —1 5+8 
8 X 12 40 2 12 2 


— 504-40 4-12 4- 54.95 4- 1.56 4- 4.51 4- 1.76 4- 0.47 4- 0.54 

— 165.13 in. 
As a comparison the length of belt for an open drive around 
pulleys D, and D, is: 


L — 50 + 40 + 12 + + 


(30 — 5)? 


а $ 5 е 5 - - == 158.07 
L 2 x 50 4- ә (30 + 5) + 4 x 50 158.07 


The increase in length as a result of the belt’s going 
around the idler pulley is 165.73 — 158.07 — 7.63 in. In the 
example given the idler pulley will be very near to the lowest 
practical operating position. In this case, therefore, a takeup 
of 7.63 in. is possible. 


Are of Contact 


Propuct ENGINEERING’s Reference Book Sheet for Febru- 
ary 1935, gave formulas for calculating the various angles 
which, when combined, give the arcs of contact. The arc of 
contact on the small or driving pulley and on the large or 
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driven pulley are indieated in Fig. 1 by 6 and p respec ively, 
Using the same general methods as indicated in the above 
mentioned article and the notation shown in Fig. l. these 
formulas can be written as 


57.3 (D, — Ds) (Dz + Ds — 2E). 


0 180 — 56 + 57.3 3B 
51.3 (D, -— Də) xa (Dı + D; — 2E) 
р = 180 г" 9C + 57.3 24 


Example—Applying the data in the above case and using 
E as positive if above and negative if below the center line 
we have for this example: 

i 51.3 (30 — 5) 57.3 (6+ 8 — 2(—1)) 

0 — 180 —————— T 3 ; 
2 X 50 2 x 40 
180 — 14.3 + 35.8 = 201.5 deg. 

57.3 (80 — 5) 57.3 (30 + 8 — 2(—1)) 

2x 50 Е 2 х 40 


180 + 14.3 + 28.7 = 223 deg. 


The horsepower transmitted by a belt can be expressed in the 
form 


р 180 4- 


ТАУ 
33,000 
where Hp — horsepower transmitted 

T, — total tight side tension 


Hp. 


V — velocity in ft. per min. 
енд — 1 
А - 
e uo 


where 6 = angle of contact 
uw = coefficient of friction 

To illustrate how the arc of contact affects the horsepower, 
Fig. 2 has been drawn. If 7, is fixed by the kind of belt speci- 
fied the horsepower which can be transmitted will be deter- 
mined by » and @. In the case worked above, A equals 0.64 
for u = 0.30 and 6 — 201.5. If this had been an open belt 
drive the arc of contact would have been 151.4 deg. and for 
u = 0.30, 4 would be 0.535. In this case the use of the idler 
0.64 — 0.535 


pulley would increase the horsepower by 0835 
535 


or approximately 20 percent. 


























03 
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Fig. 2—Chart showing how hp. capacity of a belt drive can be 
increased by increasing arc of contact with an idler pulley 
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GEORGE F. NORDENHOLT, Editor 


Strong Leadership Is Needed 


OVER MANY CENTURIES man developed from a conglomera- 
tion of savage individuals to organized tribes and then 


nations. In the course of this process it was necessary for 
the individual to give up some of his so-called preroga- 
tives, such as stealing. or killing his neighbor if he did 
not like him. In place of that the individual had to agree 
that it would be required to bring quarrels before ap- 
pointed judges and abide by the verdicts rendered. Obvi- 
ously, such a social organization can function only if its 
leaders are feared or respected and if the individuals gen- 
erally recognize that they must subordinate their selfish 
desires as might be required for the good of the social 
whole. 

Strong leadership carries with it the respect and confi- 
dence of the masses and their voluntary unstinted efforts to 
sacrifice for the good of the nation. Witness England 
amidst its blood, sweat and tears. When leadership with a 
strong guiding hand is lacking, national unity disappears. 
Then vested selfish commercial interests exploit society to 
fill their coffers with ill-gotten gains while labor feathers 
its nest without regard to the consequences to the nation. 
Both these groups act as if oblivious to the fact that they 
stand to lose far more than the pittance gained, as demon- 
strated by the recent collapse of France. Leadership was 
lacking. 

To-day in the U.S. A. we can no longer laugh off the 
innumerable strikes that are disrupting our defense pro- 
gram. The “fraction of one percent” lost time is growing 
at an alarming rate as labor becomes more arrogant, more 
demanding, more domineering. Admittedly, in numerous 
instances labor is justified in demanding higher wages; in 
numerous other instances the demands are exorbitant. 
Some of the strikes have been over the question of who 
will receive the union dues collected. Often the strikers 
represent but a small minority of the employees. In several 
instances the strike was a so-called outlaw strike, probably 
instigated by men of the communistic or pro-Nazi type. 

But labor is not entirely to blame. In a few instances 
the industrial corporation has been the offender. In the 
case of the southern coal operators, the public was in- 


formed that the representatives of the corporations in- 
volved simply would not cooperate in that they refused 
to attend a meeting arranged to mediate the controversy. 

Obviously, strong leadership in the highest places of 
government will be needed, and needed quickly, to put and 
maintain our preparedness program on the most effective 
basis. We have a Department of Labor. Presumably it is 
the responsibility of the Department of Labor to iron out 
labor difficulties. In this task it has failed. Perhaps in 
recognition of its failure, various other commissions or 
bureaus have been established in a more or less fruitless 
effort to cope with the situation. 

But the essential ingredient, leadership, is still lacking 
and labor has continued on its road to national chaos at 
an accelerating pace. It seems that the Secretary of Labor 
does not command the confidence of either labor or 
industry. 

Engineers have designed and are improving the arma- 
ments; other engineers have created the equipment and 
organization to make possible the rapid and efficient pro- 
duction of the materials needed for national defense; 
industry as a whole is tackling its job with little or no 
dollars profit; hundreds of thousands of our young men 
are serving in the Army and Navy for a mere pittance. 
The only thing lacking is a strong personality in the 
office of Secretary of Labor, who has earned the confidence 
of labor, industry and the public and who can use forceful 
persuasion when necessary. Such a Secretary of Labor 
armed with proper authority would soon put the spirit of 
labor and industry on the plane on which it must be if 
democracy is to survive. 

Secretary of Labor is now, above all times, a he-man’s 
job, not an office to be occupied by a woman, regard- 
less of the abilities of her subordinates and associates. 
None can deny that the labor situation borders on chaos 
and has already seriously interfered with the defense 
program. The Labor Department has failed in getting 
desired results. On that basis alone, in any well-organized 
body, political or otherwise, a change in the head of the 
department is in order. 
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Assembly line of Vultee basic trainer planes, fabricated with welded tubular steel structures 


AIRCRAFT DESIGN 


Factors Which Affect Production Economy 


JAMES E. THOMPSON 


Service and Specification Engineer, Vultee Aircraft, Inc. 


IX BASIC factors directly influ- 
ence production practicability 
and economy: (1) simplification 

of design, (2) practicability of assem- 
blies and installations, (3) elimination 
of close limits and clearances, (4) use 
of existing parts and standards, (5) 
weight economy, (6) serviceability. 


Simplification of Design 


Simplification, from the standpoint 
of both structural and fabrication con- 
siderations, is necessary if the design 
is to be practical. Therefore the de- 
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sign should begin with the simplest 
arrangement that will fulfill basic ser- 
vice requirements and then elaborated 
only enough to become a practical pro- 
duction design. 

If the basic design lends itself to 
manufacture in a reasonable number of 
comparatively small units, each com- 
plete in itself, considerable production 
economies will result from sub-assem- 
bly manufacture in simple jigs. It may 
seem impractical, but it is the most 
feasible manner to obtain production 
economy with the complicated struc- 
tures found in aircraft. With the basic 


structure broken down into a number 
of units, fabrication of extremely large 
units, with their attendant massive as 
sembly jigs, handling and final assem. 
bly problems can be avoided. It is ob- 
vious that certain units, such as a wing 
center section, must of necessity form 
large units when completed—but this 
need not prevent the designer from 
planning the center section structure for 
fabrication from, say, three basic sub- 
assemblies of nose-section torsion box, 
intermediate section, and trailing edge 
section, to be joined in a simple rivet 
ing operation in a final assembly jig. 
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If the designer “follows through” in 
his mind the actual fabrication of each 
part, he can anticipate possible manu- 
facturing problems and correct the de- 
sign to minimize the operations in- 
yolved. Of paramount importance is de- 
signing for “machinability.” This factor 
cannot be overemphasized, as it is only 
too easy to complicate the machining 
of a part unnecessarily by lack of fore- 
thought during the design. If the ma- 
chining operations required on each 
part are visualized, difficult operations 
can generally be avoided. 

Design changes during manufacture 
to suit production requirements can be 
largely eliminated by sufficient prelim- 
inary study of the fabrication processes 
involved as compared with fabrication 
processes available in the plant. Every 
assembly should be simplified by mini- 
mizing the number of required fittings, 
combining parts wherever possible, 
eliminating unnecessary pieces, and 
substituting spot welding for riveting 
on secondary structures. 

A good design is one which requires 
few changes while being translated into 
practice; a design which requires fre- 
quent changes is not only a cause of 
continual annoyance and expense, but 


its designer risks the charge of being 
impractical. 

Complicated mechanisms requiring 
involved or delicate units and fine ad- 
justments generally give more or less 
difficulty throughout production and 
subsequent service life. Adequate pre- 
liminary investigation will usually re- 
veal a method of accomplishing the 





desired end by fairly simple means and 
will avoid expensive changes. 


Practicability of Assemblies 


Complicated operations can be elim- 
inated if the sequence of assembly and 
installation is carefully analyzed. The 
fact that it is possible to assemble or 





All inclosure sections are attached 
fo fuselage by screws~__ 


Engine cow/in 
panels 


‘Engine cooling 
control cowlin 
flap assembly 


LF, ngine cowling 


Bench-assembled control stick for pilot 


Ta// cone is 
readily detachable 
AS A unit 


All empennage surfaces 
are removable without 
disturbing control cables; 


-Fuselage is manufactured of two 
symmetrical halves joined on 
center-/ine 


“Wing inner panel attachment 


Torsion box passes through and 
attaches to fuselage here 


— Bomb compartment doors 
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Semi-monocoque fuselage for a single-engine bomber, arranged for practical sub-assembly 








Removable fuselage side panels provide complete access to all controls and fuselage equipment in the Vultee Valiant trainer. The 
plane has a high degree of accessibility because of its composite steel-tube and semi-monocoque fuselage 








Side panel and inclosure support structure Side panels are formed by riveting cover 
clamped and bolted to stee/ tube structure--- | sheet to one-piece stiffener frame 


‘Removable panels are held 
at top by quick release 
fasteners and at bottom 
by tongue and socket 
attachment 


\ 
Stee/ tube structure and monocoque 
structure are attached with three bolts 





Elements of composite-type fuselage is an excellent design for mass production of small single-engine planes 
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install a part or group of parts is not 
enough—the design must be such that 
these operations can be accomplished 
simply and readily, so that production 
time may be maintained at a minimum. 

The practice of cutting, trimming, 
or similar operations during assembly 
always entails expense, as well as mak- 
ing replacement difficult and costly. In- 
stallations should consist of a group of 
parts or assemblies which can be in. 
stalled at a station in the final assem- 
bly production line without fitting, rivet- 
ing. threading, welding, or any other 
fabricating operations. It should be 
possible to complete all installations by 
non-fabricating operations such as bolt- 
ing. clamping, pressing, and the like. 
Sub-assembly work should never be 
made a part of an installation, except- 
ing the "installation" of welded and 
riveting brackets, if any semblance of 
a production line is to be maintained. 

The method used to attach an as- 
sembly or installation to the surround- 
ing structure is generally influenced by 
design requirements, but the designer 
must provide a maximum of accessibil- 
ity for installation or replacement oper- 
ations. Any design which requires the 
work to be accomplished in cramped, 
difficult places is fundamentally un- 
sound, and greatly increases production 
costs. If the operations to complete an 
assembly or installation are difficult or 
awkward, the design should be cor- 
rected. 

Bench assemblies and sub-assemblies 
which permit installing completed 
units at final assembly, rather than a 
mass of individual parts, are of great 
assistance in accelerating production 
and reducing costs and are particularly 
desirable for eliminating assembly diffi- 
culties in confined areas. Care must be 
used, however, to avoid unnecessarily 
large, clumsy sub-assemblies which are 
awkward to fabricate and handle at 
their next assembly. 


Eliminating Close Limits 


Before selecting dimensional limits, 
the designer should ask himself the 
question, “Would I scrap a piece cost- 
ing as much as this does, if it came from 
the shop 0.002, 0.003, or even 0.005 in. 
beyond the limits I have specified?” If 
these limits are tolerable, he should 
add that much to the limits specified on 
the drawing. 

Always maintain limits as generous 
as practicable, as nothing complicates 
production more than the necessity of 
working to unnecessarily close values. 
The limits should favor possible error 
when the design permits; i.e., on a 
turned shaft, a minus limit (thus 
+0.000, —0.002) ; on a bored or drilled 
hole, a plus limit (thus +0.002, 


June, 194] 





—0.000); on a close-ground diameter 
turned shaft, a balanced limit (thus 
+9.0005). A good knowledge of prac- 
tical limits for high-grade interchange- 
able parts is helpful to the designer in 
avoiding designs which require imprac- 
tical values. 





Clearances provided for installation, 
assembly, and operation of structure 
and mechanisms, termed as “atmos- 
pheric” clearances, should always be 
maximum, rather than the minimum, 
particularly with non-related parts 
which must have clearance, as in a 
landing gear actuating cylinder which 
passes a structural member. In such 
cases, manufacturing limits on each 
assembly may accumulate in the nega- 


tive direction, rather than balancing. 





with the result that a “paper” or layou: 
clearance is in. may easily become їз 
in. interference in the actual installa- 
tion. Many engineering changes on new 
models result from this cause, for a 
vast number of close “paper” clear- 
ances disappear during assembly with 
the result that reworks and redesigns 
are necessary. Most of these inaccura- 
cies are easily avoided by allowing 
greater clearances in the design layout. 
This usually is possible. The unfortunate 
feature, from a production standpoint, 
is that a great number of these cases 
must be reworked to such close clear- 
ances that normal assembly, installation 
and inspection operations are practi- 
cally impossible. 
Wrench clearances 


should 


receive 





Bench-assembled gunner's seat, which can be installed by simply inserting two pivot 
bolts, thus greatly speeding production 
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special consideration; nothing is more 
annoying and time-consuming than to 
install a part which requires tedious 
tightening of nuts and bolts with a spe- 
cial 12-point wrench, rz of a turn at a 
time. Often the part can just as well be 
provided with free access for a standard 
box-wrench or speed-wrench. 


Using Existing Parts and 
Standards 


If careful attention is given to exist- 
ing parts and standards wherever pos- 
sible, the use of special parts of intri- 
cate design can usually be avoided. 
During the preliminary investigation, 
make a careful study of all similar com- 
pany parts and of existing commercial 
and government standard parts and 
shapes. 

In many cases it may be impractical 
to use an existing part exactly as is but 
with minor changes it may be entirely 
satisfactory. This is often advantageous 
as it usually permits the use of many 
existing tools, templates, dies, and jigs. 
However, this does not mean the rework- 
ing of existing parts; rather the design 
of similar parts using the same tools. 

The general efficiency of a design 
must never be sacrificed in order to 
use a few existing parts, for the matter 
of interchangeability can easily Ье- 
come a chimera if it is pursued to such 
an extreme that weight economy or the 
functioning of the design are affected. 


Nose section 

torsion box manufactured 
separately and joined to 
intermediate section at 
Final assembly of wing --~ 


! 
і 


To be truly interchangeable, parts must 
be usable in all models affected, with- 
out rework or alteration. If such work 
is required, it is best to forget about 
interchangeability between models, and 
to design similar parts for the various 
models, paying attention only to ob- 
taining some interchangeability of tools, 
jigs, dies and templates. 


Production time can be saved if ad- 
vance thought is given to the use of 
castings where practicable. Of course, 
the relative economy of sand, perma- 
nent mold, or die castings is determined 
by the quantity required and compara- 
tive costs. Generally the choice of a cast- 
ing or of a forging for a given part is 
largely governed by the number of 
parts required, owing to the high cost 
of forging dies, while castings can be 
produced economically in limited quan- 
tities. Forgings may possess superior 
mechanical properties because of im- 
proved grain structure, but this is not 
always sufficient to justify the expense 
of forging when only a few pieces are 
required. Where the required mechani- 
cal properties make the use of a casting 
impractical and the quantity required 
does not justify a forging, the part 
should be machined from bar stock. 


W eight Economy 


Weight economy cannot be sacrificed 
in order to simplify production. The 
importance of saving even the minutest 


NACA. Slotted type wing flaps- 


Wing panel 
inter mediate 
section- 


Center section torsion box 


Retractable 


landing wheel _ -2-7 
assembly ----—7 





quantity of weight must not be under- 
estimated, for cumulative savings on 
each of the several hundred assemblies 
making up the complete airplane struc- 
ture will represent a sizeable total. 

Engineers frequently specify unneces. 
sarily heavy materials, particularly for 
parts of minor nature, such as name. 
plates, to which little attention is given 
in detail design. Such parts are fre. 
quently specified as aluminum alloy 
when magnesium, or possibly plastic 
would have ample strength, and weigh 
less. It should be remembered, however, 
that forming of magnesium alloy mem- 
bers frequently requires the use оѓ ех. 
pensive hot-forming equipment, and 
that production problems of magnesium 
alloys have to be investigated before 
deciding upon the use of this material. 
In many cases, it may be possible to 
use laminated phenolic sheet or fibre 
with wiped-in letters. 

Analysis of each new design from 
the viewpoint of weight can best be 
accomplished by a careful examination 
of those factors known to affect weight 
economy. These are: substitution of 
aluminum or magnesium alloys for 
steel; substitution of plastics for met- 
als, permitting up to 30 percent weight 
reduction; simplification of assembled 
parts; use of lighter sheet metal gages 
by judicious application of beads and 
stiffeners; increasing the size or quan- 
tity of lightening holes in sheet metal 
parts; removing all unnecessary mate- 
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Monospar wing design for single-engine airplane, arranged for unit sub-assembly to speed production 
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rial; substituting rolled or drawn sec- 
tions for extruded sections; substituting 
forginzs for castings; reducing the 
quantity of finish coats, or the thickness 
of platings. 


Serviceability 


Throughout the development of every 
design. it must be remembered that a 
certain amount of inspection and main- 
tenance will be required during the 
service life of the airplane, and the 
design should be such that these opera- 
tions can be carried out easily and 
quickly. Serviceability is closely related 
to production economy as many of the 
governing factors are identical. It will 
be found, in general, that an airplane 
designed for economical production 
will be well adapted to service and 
maintenance operations. 

The principal operations involved in 
inspection and maintenance are: inspec- 
tion for wear or damage; lubrication; 
removal and replacement; repair or 
adjustment. Adequate means must be 
provided for complete, easy inspection 
of all mechanisms subject to wear, and 
for inspection of all structural elements 
which might be damaged by minor acci- 
dents to the airplane. Inspection doors 
should have quick-release fasteners 
rather than screws or bolts. 

To reduce the number of points re- 
quiring periodic lubrication, self-lubri- 
cating bearings can be installed in all 
infrequently used or lightly loaded 


Main beam- 
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Accessibility for installation of sub-assemblies is important in obtaining production line 
economy. Complete access to landing gear and wing flap motor and transmissions of the 
Vultee V-12 Attack Bomber is obtained by placing these units within the landing gear 
left-side wheel-well 
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D-Beam, formed 
with, shear web and 
semi-circular 













V 


Simplified construction of empennage surfaces 
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Wing gun installation in Vultee V-12 Attack Bomber. Accessibility was the basic consideration in this design so as to insure quick 
installation, sighting and loading. Each gun compartment is secured to the wing with six readily removable capscrews 





Readily removable wing 


tip section is held b 
Intermediate ribs attach to upper and lower یا ابام و‎ 


cover sheets only at chordwise splices -making 
ready removal possible 7 


‘Torsion box is a unit 
structure-fabricated 
complete in a sub- 
assembly jig 


_-- Nose ribs do not attach to spar web 
й AA -making possible ready removal 
Cover Sheet 24 - of nose section structure 
sub-assembly J^ 
(partially removed) 


‘Torsion box forms 
integral fuel tank 





Construction of monospar wing for a multi-engine plane 
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bearings. Shielded, grease-packed, anti- 
friction bearings are preferable where 
bearing loads are heavy. On the other 
hand, the designer should specify ade- 
quate lubrication for all friction sur- 
faces where self-lubricating or anti- 
friction bearings are not practicable. 
Adequate access for the application of 
the lubricant must be provided. 

Usually the nature of the lubricant 
required is fairly obvious; in uncertain 
cases it is best to consult a lubrication 
engineer. The lubricant should be speci- 
fied on the assembly or installation 
drawing as all places requiring a lubri- 
cant must be lubricated at final assem- 
bly of the airplane. Some discretion 
must be used, however, to avoid over- 
lubrication. In a number of places such 
as cable fairleads lubrication will do 
more harm than good because the lubri- 
cant tends to collect grit and accelerate 
wear. 

If proper consideration has been 
given to ease of assembly and adequate 
accessibility, little difficulty will be ex- 
perienced with removal, replacement, 
or repair of parts. However, the fact 
that any part or unit of the airplane at 
any time may at some time have to be 
replaced or repaired must always be 
considered during the development of 
the design. 

Valuable suggestions can be gained 
by consulting with shop supervisors on 
production practices, in order to arrive 
at the most economical construction 
methods from the consideration of pro- 
duction equipment and processes actu- 
ally available in the factory. Be certain 
to give complete information about the 
matter in question to avoid possible 
misunderstandings. 
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Construction of monospar wing of design illustrated on p. 282, for a single-engine plane, well adapted to fast production 
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BALL BEARINGS 


For Thrust Loads in Centrifugal Pumps 


THOMAS BARISH 


Assistant Chief Engineer, Marlin Rockwell Corporation 


Г | YHRUST LOADS in centrifugal 
pumps present important design 
problems which deserve thorough 

checkup both by theory and test. Two 

sources of thrust load need little atten- 
tion; these are, the force necessary to 
change the flow of water from an axial 
to a radial direction, and the momentary 
starting shocks which occur when the 
column of water strikes the impeller. 

The latter is important only in some 

types of shallow deep well pumps. 

By far the major source of thrust load 
is the difference in hydraulic pressure 
against the outer sides of the rotor; 
more specifically, the difference between 
the axial components of hydraulic thrust 
against the closed side of the rotor and 
that against the inlet side. Fig. 1 indi- 
cates how these pressures vary at differ- 
ent radial distances on an impeller with 
a single side suction opening. The net 
effect of the hydraulic pressure on the 
impeller is a large thrust load towards 
the suction side. 

To illustrate the magnitude of these 
thrusts, test data are shown in Fig. 2 
for a dredge pump in which the thrust 
load on the impeller was determined by 
measuring the unit pressures at various 
radial distances. (“Dredge Pump Pres- 
sures and Thrust Loads,” James H. Pol- 
hemus and James Healy, A.S.M.E. 
Transactions, 1929, Vol. 51, HYD-51-4). 
With equal axial clearances of # in. on 
both sides of a 70 in. dia. impeller, at 
52 lb. per sq. in. discharge pressure, the 
thrust amounted to 30,100 lb. This 


(Unit hydraulic pressure. 


pressure 
distribution 


Fig. 1—Curves of pressure distribution on the closed side and 
the inlet side of an impeller with single side suction, to illus- 
trate how the total axial hydraulic pressure differs from side 
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thrust represents a 15 percent unbal- 
ance, that is, 15 percent of the outlet 
pressure acting against the total axial 
area of the closed side of the rotor. 

The axial clearance determines the 
skin friction pumping effect on the sides 
of the impeller which is evident in the 
shape of the two curves in Fig. 2. Small 
axial shifts showed large changes in 
thrust load, caused by decreasing pres- 
sure on one side and increasing pressure 
on the other. Shifting the impeller 
axially in one direction brought the net 
thrust down to 15,000 lb., and shifting 
in the opposite direction increased the 
net thrust load to 36,000 lb. A similar 
dredge pump that was accidentally set 
up with insufficient clearance on the 
closed or back side reversed the direc- 
tion of net thrust; the effect of which 
was clearly shown on the bearings when 
they were removed. 

Note the relief holes shown in Fig. 2. 
These are important. Plugging these 
holes raised the thrust from 20,000 to 
41,000 lb. These small holes, judiciously 
placed to reduce the thrust, permit cut- 
ting the size and the power losses of the 
bearing in half, thus more than justify- 
ing the resulting small increase in leak- 
age losses. Tests made by Goulds 
Pumps, Incorporated, on small pumps 
indicated that for best results the total 
area of the relief holes should approxi- 
mately equal the total clearance leakage 
area between the rotor and the case. 

Few modern pump rotors have axial 
clearances for seals, chiefly because of 
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thrust troubles resulting from axial 
shifts of the rotor. For sealing purposes 
most pumps have radial clearances like 
those shown in Fig. 3. Radial clearances 
can be made closer than axial clear. 
ances, they are more easily maintained, 
and permit larger running clearances 
between rotor and casing. Furthermore, 
the thrust load does not vary as greatly 
from pump to pump, nor does it change 
as much in any one pump because of 
wear or maladjustment. 

With radial clearance seals the pres. 
sure distribution curves on the sides of 
the impeller become flatter and practi. 
cally equal, also the pump thrust can be 
more nearly balanced. Numerous tests 
and service checks indicate that the 
maximum unbalance to be expected in 
such designs, including all other causes 
of thrust, is approximately 7 percent. 
This unbalance will drop to about 3 
percent with careful design, with better 
maintenance of equal clearance on both 
sides of the rotor, and with liberal relief 
holes. 

The diameters of the impeller at the 
seals, indicated by A and B in Fig. 3 
are usually made identical for ease in 
machining and for interchangeability 
of clearance rings. However, B is some- 
times made slightly larger than A in 
order to improve the balance, thus prac 
tically equalizing the thrust load. By 
increasing the diameter B the thrust can 
even be reversed, as shown by Fig. 4. 
Perfect balance, however, is difficult to 
maintain and usually unnecessary since 
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to side of the impeller thus causing a thrust toward the suction 
or inlet side. Fig. 2—Test data curves for a dredge pump, um 
pressures are indicated for various radial distances 
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Fig. 3—Impeller with radial seals, with this type of seal the 
distribution curves become flatter and practically equal. Fig. 4 
—Effect on thrust load caused by changing the diameter of the 


a single row radial ball bearing will 
carry, without increase in size, the small 
residual unbalanced thrust in a well 
designed pump. 

Multi-stage pumps introduce a new 
problem. A two stage pump, like that 
shown in Fig. 5, is theoretically bal- 
anced without resorting to clearance 
rings or relief holes since the total pres- 
sures in the directions of A and B should 
be exactly equal. However, absolute 
pressure at B is one stage higher than 
at A and any leakage through the shaft 
clearance C will lower B and increase 
A, thus tending to build up the thrust. 
As the pump wears, clearance C in- 
creases and the thrust gradually be- 
comes larger with age. Pumps of this 
type should be checked regularly for 
worn clearance rings. Too long a wait 
may make it necessary to replace the 
thrust bearings as well as the rings. 
Some manufacturers make the diameter 
of the high-pressure rotor slightly larger 
than that of the low-pressure rotor, 
thereby reducing or reversing the 
initial thrust, thus permitting far more 
wear at the clearance rings before the 
thrust load mounts dangerously. 

Deep well pump design must con- 
tend with another problem that in- 
volves thrust; first, to the thrust load 
of the impeller must be added the 
shaft and rotor weights; second, the 
long shaft elongates appreciably as the 
pump starts when the hydraulic thrust 
develops. Frequently the rotor drops 
as much as 14 in. so that the pump 
design is complicated by the necessity 
of providing long axial clearances. 
Third, deep well pumps frequently 
handle water containing abrasive such 
as fine sand. These last two difficulties 
make clearance rings and relief holes 
impractical. Hence thrust loads be- 
come quite large, 
men. however, such thrusts 
aper calculated. The axial 

s are so large that pressure 
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curves like those of Fig. 1 are flat 
and at maximum value. 
With H = head in ft. (total, all stages) 


D = dia. of impeller inlet in in. 


d = shaft dia. in in. 
The thrust load is 
T — weight of rotating 
+ 0.34 Н (р? — d^) 
For screw type impellers, D becomes 
the diameter of the impeller. 

Designers differ widely in their opin- 
ions concerning the importance of mak- 
ing provisions to support radial loads. 
Experience indicates that radial loads 
are usually negligible. Theoretically 
they consist of: 

(1) Weight of parts 

(2) Unbalanced mechanical loads 

(3) Momentary shocks when han- 
dling a percentage of solids 

(4) Hydraulic unbalance or more 
exactly reactions from inlet and exhaust 
scroll conditions or starting surges. 

None of these are appreciable in 
most centrifugal pumps except occa- 
sionally unbalanced loads caused by 
poor machining or mounting, but these 
need not be tolerated. Before bearing 
difficulties arise conditions of unbalance 
are quickly indicated by the occurrence 
of noise or vibration, and packing 
trouble caused by shaft deflections. 

In certain services bad erosion is un- 
avoidable; then expected large 
mechanically unbalanced loads necessi- 
tate more radial capacity and also 
greater shaft stiffness. 

Shaft design controls the bearing 
size more than the loads do, this prac- 
tice provides the most definite proof 
that radial loads are not a direct design 
consideration. The pump design itself 
requires a compromise in shaft size, 
since for better inlet conditions at the 
rotor, and for lower rubbing speeds at 
the packing gland the shaft should be 
small; but for stiffness and critical 
speeds even with relatively long cen- 
ters the shaft should be large. Once 


parts 





) 


radial clearance at closed side of impeller. Fig. 5—T wo-stage 
pump with impellers back to back is theoretically balanced, 
relief holes are not needed since pressures A and B are equal 


this compromise is reached, a single- 
row light series ball bearing of a size 
to fit the shaft usually provides more 
than enough capacity. 

Shafts for deep well pumps are long 
as compared with their diameters so 
that any radial load approaching the 
capacity of a single-row light series 
ball bearing would seriously overstress 
the shaft in bending at the point of 
loading. Where the loads are consider- 
able, large shaft diameters are neces- 
sary, and a light series single-row bear- 
ing of correspondingly increased bore 
is ample. This point is emphasized be- 
cause of the great divergence of opin- 
ion between pump manufacturers con- 
cerning radial bearings. Many pumps 
are operating satisfactorily that use 
only light series single row ball bear- 
ings. These pumps differ but little 
from designs using larger bearings and 
even double row bearings. One impor- 
tant exception must be noted, namely 
where bearing capacity must be pro- 
vided for belt loads, especially when 
overhung. 

Shock loads, particularly starting 
surges, probably are absorbed by the 
packing glands because of shaft flexi- 
bility. The portion of the load that does 
reach the ball or roller bearings rarely 
needs checking, because bearings which 
are selected for fatigue life under 
normal high-speed conditions have a 
large capacity for short duration shocks. 

The typical centrifugal pump designs 
presented on the next two pages are 
included to illustrate some of the bear- 
ing problems encountered. Ball and 
roller bearings are particularly advan- 
tageous in centrifugal pumps not only 
because of the small running clearances 
involved, but also because of the neg- 
ligible wear under normal operating 
conditions and their relatively low sensi- 
tivity to shaft deflection and also to 
housing tilt. 


(Continued on next page) 


287 













N Ñ 

\ Ñ 

N N 

N 

N N 

N N 
LR N 
ДАН N 
m N 
N 

A 


P NSS 


L ҮҮ? 
C eed 





Ş 
| 


SSS 






=) 
3 


LP 


‘J 
bel 


ч 
SOD IC 









/ 
f 
1 


س 


Overhanging the rotor eliminates 
one packing gland, simplifies the piping 
to the inlet and reduces machining. 
The narrowness of ball bearings per- 
mits designs in which rotors can be 
overhung in single stage pumps and 
many two stage pumps. In the design 
shown the bearings are fitted in a one 
piece housing to assure rigidity and 
initial alignment. The larger O.D. of 
the single-row thrust bearing permits 
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performing all machining operations at 
one setting. Earlier designs used sepa- 
rate bearing housings but the single 
housing eliminated two seals and sim- 
plified machining. The larger lubricant 
space is not a disadvantage. For two- 
stage pumps or other types that may 
have larger thrust loads, Duplex or 
double-row ball bearings can be used 
in the place at which endwise move- 
ment is to be resisted. Large dredging 





Typical low cost pump designed 
for intermittent service, uses a wate 
lubricated bushing for the rotor beg. 
ing. At the pulley end of shaft iş ۾‎ 
special ball bearing with wide inner 
ring which permits the use of a straight 
shaft with no shoulders and practically 
no machining. The extremely close lig. 
its of modern centerless stock. as loy 
as 0.0005 in. tolerance, is combined 
with close bearing bore tolerance 
(+ 0.0000 — 0.0005 in.) to give theo. 
retical fits from 0.0003 tight to 0.0007 
in. loose. These fits with wide bearing 
are acceptable for intermittent service. 
especially since the maximum tightness 
or looseness of fit rarely occurs. The 
inner ring of the bearing is fastened 
by set screws which can be reached 
through the oiling hole or by removing 
the cap. Note how the bearing is placed 
well under the pulley to reduce over. 
hang, thus keeping the load small on the 
bushing. The bearing is amply pr. 
tected against leakage by an integral 
shield, a liberal auxiliary “trap” space, 
a close shaft clearance in the housing, 
and an external rubber slinger. A popu. 
lar alternate design uses a standard 
bearing pressed on a machined sleeve, 
fastened to the shaft by set-screws, 
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pumps are also of this over-hung typ 
mounted on roller bearings next to tht 
rotor. The thrust bearing may be? 
Kingsbury, or a Duplex bearing carr 
ing radial and thrust load. One desi 
uses a 114 pair Duplex ball bearings ? 
the drive end with two angular conta‘ 
type bearings in parallel which divit 
the main thrust load, and the third 
bearing to take occasional revers 
thrust and to keep the other pair tight 
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Advaneed designs in centrifugal 
pumps are “close coupled," that is, 
mounted directly on the motor shaft. 
This compact combining of the two 
high-speed elements, pump and motor, 
eliminates two bearings, a coupling, and 
belts. The type has proved successful. 
The motor manufacturer faces a few 
difficult problems, such as keeping the 
long shaft extension true running in 
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Straddle mounted continuous duty 
centrifugal pump with single-row ball 

rings at the drive end and an angu- 
ar contact type double row at the 
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spite of locknuts tending to spring the 
shaft, maintaining squareness at the 
face where the pump casting is bolted, 
controlling axial locating dimensions, 
and also providing bearing capacity 
for the pump. Bearing requirements do 
not vary from those for other pump 
types described as the motor adds only 
a small radial load. The Duplex, or 
double-row angular contact type, ball 
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closed end to provide large thrust 
capacity. With the refinements in rotor 
design for minimum thrust load, a 
single-row ball bearing would be suffi- 
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| no 


bearing provides the large thrust capac- 
ity needed for two stage pumps, since 
the same motor is used to drive one 
and two stage pumps. This thrust 
carrying bearing can be at either end 
of the motor. The motor manufacturer 
also maintains for this service the close 
control of bearing fitting, alignment 
and lubrication found necessary for 
other high-speed motor applications. 





cient at the thrust end. Interchange- 
able “cartridge” type bearing hous- 
ings permit removal of rotor and shaft 
assembly without exposing bearings. 
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BENDING STRESSES 
In Materials Having Dissimilar Elastic Moduli 


WILLIAM I. 


LOSELY related to the subject of 
stress distribution in clad mate- 
rials, which was discussed in the 

article “Composite Members, How to 
Find the Stress in Each Material,” pre- 
sented in the May number of PRODUCT 
ENGINEERING, is the analyses of stress 
distribution in materials having dissimi- 
lar moduli in tension and in com- 
pression. 

The analysis that will be set forth in 
this article was made by the author to 
justify the results of a series of tests on 
manganese bronze in which surprising 
variations were found to exist in the 
physical characteristics of the metal, 
the most interesting of which was the 
existence of dissimilar moduli. 

The tension curve for one of the bars 
pulled is shown in Fig. 1. Inspection of 
this curve shows that the material falls 
into the category of non-elastic metals. 
Because of this fact all working stresses 
must be retained well within the propor- 
tional line. An arbitrary conservative 
value for the working stress in tension 
was chosen as 5,000 Ib. per sq. in. This 
was also necessitated by the tendency of 
the metal to creep. even at compara- 
tively low temperatures. 

A section of the same bar was used 
to obtain the compression curve shown 
in Fig. 2. The practically straight 
nature of this graph indicates a much 
higher ultimate strength in compression 
than that in tension. For one specimen 
the ultimate compression strength was 
found to be twice that in tension. It 


will also be noticed on comparing Figs. 


l and 2 that E., the modulus of elasticity 
in compression, is about 1.4 E, the 
modulus of elasticity in tension, indi- 
cating a non-isotropic material. 
Another section of the same bar was 
tested for deflection as a simple beam 


loaded at the center as shown in Fig. 3. 
The graph in Fig. 4 shows the results of 
this transverse bend test. 

The ratio of the unit stresses, as cal- 
culated in Fig. 4 is less than the pro- 
portional ratio of the two moduli, thus 
departing from that which would nor- 
mally obtain in a material with a single 
modulus. Although this condition is en- 
countered rather infrequently, when it 
does occur it involves a problem in flex- 
ure of considerable difficulty to machine 
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designers. Therefore, chiefly because of 
the paucity of detailed information on 
the subject, it is the author's intention 
to set forth clearly, through an original 
approach, a picture of what he believes 
to be the effect of bending loads on ma- 
terials having dissimilar moduli. 

The effect on the strength properties 
of such a metal, the inelasticity of which 
always presents a problem in the judi- 
cious selection of a unit stress, may be 
far-reaching. In calculations for plates 
or pressure vessels involving two dimen- 
sional stress, the modulus of elasticity 
E occurs frequently and possibly has a 
cumulative effect on the value of the 
true stresses. The apparently inconsist- 
ent differences found may be the result 
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| | Yield strength at percent, 
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of a number of causes, some of which 
are as yet quite obscure. The unknown 
factors undoubtedly involve the degree 


of chemical homogeneity produced by 


casting conditions such as pouring tem. 
perature, allowable time in the molds 
and possible intermolecular effect of 
unequal cooling in bulky or thick 
sections. 

In the calculation of bending stresses 
in any material having a single elastic 
modulus in tension and compression, 
the usual stress formula S = Mc/I will 
give the correct value for the extreme 
fibre stress. This, however, is found not 
to be true when two separate moduli for 
tension and compression exist. In the 
specimens tested the disparity between 
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Fig. 1—Tension test curve of manganese bronze specimen 
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ihe two moduli was found to vary con- 
siderably. Figs. 1 and 2 show the maxi- 
mum variation. 

The tension test curve shown in Fig. 
] yielded a value of 15,000,000 for E;, 
while a 5 in. compression section cut 
from one end of this bar prior to ma- 
chining. gave an. E. of 21,000,000, see 
Fig. 2. From this bar, originally 14 in. 
in length. a piece was used for the bend 
test plotted in Fig. 4. The tension and 
compression specimens were cut from 
unstrained ends of the original bar. 

From the load deflection curve Fig. 4 
it was found that for a load of 500 lbs. 
the resulting deflection was 0.0019 in. 
at the center of the span. This load and 
deflection upon insertion in the deflec- 
tion formula 

W p 


77 "gras 

taking the E, as 15,000,000 was found to 
produce an effective moment of inertia 
I for the section which was less than the 
actual / of the rectangular section or 
b d/12. This decrease in / from 
b d'/12 indicated a shift of the neutral 
axis to the side offering the greater re- 
sistance to load, or the compression side 
in this case as indicated in the tests. 


b-/052" 
a -7/.035" 


The beam was then considered to be 
composed of two materials of dissimilar 
elasticity, one in tension and the other 
in compression, with the line of cleavage 
at the neutral axis. If this is assumed 
to be true the actual areas in tension 
and compression will bear a certain re- 
lationship to the effective areas under 
those stresses. This relationship is in 
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Fig. 4—Curve of transverse bend test 





direct proportion to the ratio of the two 
moduli, or assuming the larger com- 
pression modulus as unity, the smaller 
tension modulus will act on an effective 
area equal to (E,/E.) X the actual ten- 
sion area. For simplicity's sake the 
effective area figure chosen is that of a 
trapezoid. This shape lent greater ease 
and facility to the resulting derivations 
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Compression test curve of manganese bronze specimen 


and in the end yielded surprisingly 
accurate results, as a check with the 
methods of other authors revealed. 

To develop formulas which would 
help in calculating the bending stresses 
in beams made of materials which have 
dissimilar elastic moduli, a group of 


symbols were adopted in which, 


E. = Modulus of elasticity in compres- 
sion 


E, — Modulus of elasticity in tension 
A. = Actual area in compression 
A, = Actual area in tension 
а. = Effective area in compression 
a, — Effective area in tension 
ae = Total effective area 
M, = External bending moment 
M. = Effective resisting moment 
T = Tensile forces on area A; 
C = Compressive forces on area Ac 


Sı = Maximum unit tensile stress 
S. = Maximum unit compressive stress 


Using these symbols, formulas are 
here developed for two conditions: 
(a) when the modulus in compression 
is greater than that in tension, and 
(b) when the modulus in tension is 
greater than that in compression. For 
both conditions it is assumed that the 
true beam is replaced by one having the 
same modulus throughout and an effect- 
ive area of trapezoidal shape having a 
depth equal to the depth of rectangular 
section of the true beam. 


CASE 1. 


Modulus of elasticity in com- 


pression is greater than modulus of 
elasticity in tension. 
For this condition when under load 


the material yields more on the tension 
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side than on the compression side, From the geometry of the assumed 








therefore, as shown in Fig. 5, the trape- figure 
zoid of effective area has a neutral axis d (b. + 2h:) b, (2d — 32) 
which is above the neutral axis of the duse ^ r7 xad WM eL 
true beam section; in which А (9) 
= С = S, bz/2 = S.by/2 
a, = a. + a, and A, = by also T ш Si bz NY; 
by construction M.=M.= 3 (C or T) (y + z) (10) 
bi + bs 
а. = A. —-by- yl —- 3 M. зм. 
2 = گے‎ (11) 
from which b (y? + zy) bdy 
bı + bs = 2b (1) B — 
y < a Y 3 Ma ‹ 
کے‎ е Б: 12 
bs =  – i (b; — be) (la) 5i bdy zx bdz (12) 
also Case Il. Modulus of elasticity in ten- 
A: = bz, and sion is greater than modulus of elasticity 


in compression. 

For this condition when under load 
the material yields more on the com- 
pression side than on the tension side, 
therefore, as shown in Fig. 6, the trape- 

(2) zoid of effective area has a neutral axis 
which is below the neutral axis of the 
true beam section. 


a; = А, (Е, Е.) =з bx (Е, Е.) 
"бл 
2 


therefore 
be + bs = 2b (E./E.) 


combining Equations (1) and (2) 








bi — b: = 2b (1 — E/E.) (3) b 

Further bi = -fe (2 -- 1) +4] + (i - z) 
а, = а + а, = (у + Е.х/Е.) 4 m : 

= cr ws bE. s—4 

from which Е, = T (uas) (14) 
bi + be = (2b/d) (y + Eiz/ E.) (4) 

combining Equations (3) and (4) E. — 28. (=>) (15) 

є е а Е, B ‹ 

Pret [^ B 1€ ш &)]e S, m , (16); and S, = a (17) 


Substituting for y in Equation (5) the 
value of (d-x) 


+ ( — Е) (6) 


The verification of E, with the results 
obtained in the tests is a secondary use 
of the formulas. Where the two moduli 
have been predetermined, the sequence 
is as follows: trial values of x must be 
inserted in Equations (6) or (13) as 
the case may be, to obtain b, after 
which b. may be found from Equation 





or E. — bE | z—d — (7) (9), b; may now be found by Equation 

d Vb; — 2b -F bz/d (la), after which Equation (1) is used 

as a check on the value of 2b. When 

and E, — d E. ( b» — 2b -- bz/d (8) both sides of Equation (1) balance, the 
b z—d correct value of x has been chosen. 





PROBLEM. To check E, = 21,000,000 as 
produced by the compression test by 
means of the transverse bend test data. 
Load P — 500 lb. and the correspond. 
ing deflection f — 0.0019 in. E, is viven 


as 15,000,000. In Fig. 7 is shown the 
true section of the beam and also the 
assumed effective area. 


1.052 X 1.035 
em 
= 0.0973 in.* 
Max. unit stress assuming no shift in neu- 
tral axis 


Actual J, of section = 


3PL 3 x 500 x 6 
~ 2bd? 2X 1.052 X 1.035" 
= 4,000 Ib. per sq. in. 
Taking E, — 15,000,000 


маг. 


"d PLA 
Effective J, of section = 48 Ej 
Е 500 X 6 om 
= 38x 15,000,000x0.0019 = 9.0785 


I. = Ig of the trapezoid, or 
_ а Фа + Abiba + bë) 
е 36 (bi + be) 
For a trial value let b; — 1.185 in., then 


_ 1.0357 (1.185?+4X 1.185 +b) 
0.0788 = 36 (1.185 + ba) 
bs = 0.588 in. 


Putting this value of b, in Equation (9) 


from which 


From Equation (la), 6; = 0.920 in. 
bı + bs = 1.185 + 0.920 = 2.105 in. 
2b = 2 X 1.052 = 2.104 in. 
which is sufficiently close. 

From the tests E, is greater than E, 
therefore, from Equations (7), (11) 
and (12) 

E. = 21,000,000 
S, — 3,600 Ib. per sq. in. 
S. = 4,500 Ib. per sq. in. 

The formulas derived herein are ap- 
plicable to rectangular sections in bend- 
ing, and are suited to either single or 
two dimensional stress solutions. 





Fig. 5—Actual beam cross-section and assumed cross-section of 
beam with trapezoidal shape, in which the modulus of elasticity 
in compression is greater than that in tension. Fig. 6—Actual 
beam cross-section and assumed cross-section of beam with 
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trapezoidal shape, in which the modulus of elusticity in tension | 
is greater than that in compression. Fig. 7— Actual and ass | 
effective areas of specimen tested in transverse bending with a 
tual and modified dimensions for calculating stresses | 
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Chromium plating : 






Nickel plating 0.00. T 


Copper platin 

opper p Hone 
Copper Aissolved> 
in zinc alloy 


Zinc alloy 


die casting " 

Electroplating zine alloy die cast- thickness of coating for various grades 
ings can cause trouble if not done cor- of plating and different exposure condi- 
rectly. The greater the total thickness tions, one of which is illustrated in the 
of the coating, the greater is the protec- photomicrograph above. Chromium 
tion afforded the base metal and the coat only 0.000001 in. thick over the 
longer the life of the finish. General nickel is sufficient in this application; 
Motors Corporation specifies minimum thicker coats are often specified. 


12.77 Мета! dial --.. 


=> Pointer must be 
located exactly 
with respect 
to keyway 


`N- his portion trimmed off 
after assembling hub. and dial 


Extreme accuracy was required in moval and faulty replacement of cores 
locating the pointer with respect to the in the molds. Cure was to blank the 
keyway in this plastic hub. This called dial with surplus stock around the 
: for high accuracy in locating the screw- pointer as shown. After assembling, the 
| holes and keyway in the molded piece. hub is accurately positioned by its key- 
Prohibitive variance crept into the way in a trimming die where the 

molded hubs, caused principally by re- pointer is trimmed. 
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Creep, the effects of which are shown 
here, always must be taken into con- 
sideration when planning lead roofs 
and linings, especially where slope is 
steep and service is long. Sheet lead 
14 in. thick and weighing 16 lb. per 
sq.ft. was placed on the roof of the 
Cathedral of St. Maurice at Angers, 
France, completed in 1274. Lead thick- 
ness at the ridge is now 32 in. while at 
the eaves the material has gathered into 
folds 10 in. high. Modern lead alloys 
have increased tensile strength and 
creep resistance, and provide sufficient 
protection in sheets weighing only 2 lb. 
per sq.ft. 


BRisTLES of the first nylon brushes made 
for portable brush-plating equipment 
were 0.010 in. dia. They held the elec- 
trolyte well but tended to scratch the 
thin, non-porous coats of such deposits 
as silver. A softer brush, obtained by 
reducing the filament to 0.005 in, 
proved satisfactory. 


FOR SOLDERING TINPLATE articles to 
meet government specifications, a com- 
mercially pure tin was tried, but crack- 
ing was found in the joints after solidi- 
fication. Trouble was caused by low- 
melting impurities in the tin, particu- 
larly lead, which remained liquid at the 
grain boundaries after the rest of the 
metal had solidified. At final stage of 
solidification, these grain boundaries 
were pulled apart by shrinkage stresses, 
forming cracks. Remedy was to substi- 
tute a brand of tin with a purity of at 
least 99.99 percent. 


PRODUCT ENGINEERING will pay a minimum 

of $3 for each example published in Causes and 

Cures, Where illustrations are necessary, include 
drawings, rough sketches or photographs. 
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Modern Designs 





High-speed turbine reduction gear production, 
potential bottleneck in naval construction for na- 
tional defense because of the size and accuracy 
required of the helical gears, has been speeded up 
by Gould & Eberhardt engineers with a hobber 
designed to reduce the cutting time almost 50 per- 
cent. Two interlocked cutterheads placed opposite 
each other (one-half of machine shown at right) 
cuts both right and left-hand portions of double 
helical gears simultaneously. The necessarily com- 
plex operations, the required accuracy and the 
size of machine involved resulted in the use of 
certain mechanical features and application of 
electrical control new to gear cutting machinery. 





Individual motor drives simplify control and transmis- 
sion problems. Use of a d.c. main drive motor, for example, 
provides variable hob speeds without gear change boxes. 
One common differential is used between main drive motor 
and cutter heads because the heads feed in opposite direc- 
tions. Stanchion bases, center base, work table, trunnion and 
the two stanchions are separate Meehanite castings. Having 
a nominal capacity of 120 in. dia., 48 in. base width at 45 
deg. and 24% diametral pitch and up to 160 in. dia. with 
gears with low helix angles, the machine weighs 138,000 1b. 
and requires 20x30 ft. floor space. 


Thermal insulation prevents the 
heat generated by the driving elements 
and motor from distorting the accurate 
alignment of the machine. This is par- 
ticularly essential in a large machine 
where hobbing large diameter and wide 
faced gears require several days of 
continuous cutting to finish one gear. 
Therefore, the main gear mechanism 
and driving motors are mounted on a 
separate gear box connected to the 
gear cutting machine by splined shafts. 
All the driving shafts are journaled 
outside the machine so that the heat 
will not affect the alignment of the 
main bases and stanchions. A pump 
circulates oil continuously through a 
filter and then to the mechanism in the 
main gear case, to the work table and 
to the two index worm-gear sets, and 
cascades oil over the change gears in- 
closed in the oil-tight compartment, 
the lower portions of which form the 
main reservoir for the lubricating oil. 


Lubricating 
motors 
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Electrical Controls for Complex Drives 
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Eleven motors, six d.c. and five a.c., 
are used to operate the machine. Flexi- 
bility of electrical controls and devices 
provided a simple solution to the com- 
plex problem of coordinating the vari- 
ous drives. D.c. motors for the main 
drive, lubricant and coolant pump per- 
mit the use of storage batteries for 
stand-by power, thus preventing the 
machine from accidently stopping dur- 
Ing the finish cut, which would leave 
objectionable marks in the gear teeth 
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Simultaneous cutter traverse motor No.7 
Lal 


Left cutter slide traverse rmotor No.8 
L21 801. 
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and necessitate recutting the gear. Main 
drive motor is d.c. constant horsepower 
type, rated at 20 hp. and with four-to- 
one speed range permits wide selection 
of hob speeds without change gears. 
Hob speeds, 18 to 72 r.p.m., are gradu- 
ated directly on rheostat plates. When 
motor is used for inching it operates at 
lowest possible speed regardless of field 
rheostat setting, being subject to limited 
dynamic braking. This is not effective 
when the motor is stopped by the regu- 


lar stop button because the severe jolt 
would leave marks in the gears if the 
hobs were cutting. Thermal-overload 
protection for the main motor is also 
admitted for the same reason. The horn 
signal warns the operator when the 
motor is overloaded and permits slow- 
ing down the motor without bringing 
it to a stop and without interrupting the 
cut. Limit switches located on each 
stanchion serve to stop the main motor 
when a roughing or finishing cut is 
completed. 

Since the speed of the main motor 
varies, four separate j-hp. motors for 
lubrication and coolant are used. They 
are supplied in duplicate with pumps 
and filters to guard against failure. 

The remaining d.c. motor is 7À hp. 
variable speed used for rapid rotation 
of the table when truing the gear 
blanks. This motor is pushbutton con- 
trolled and its field rheostat, mounted 
on the main panel, is graduated di- 
rectly in terms of table speed ranging 
from 4 to 1 r.p.m. Limit switches pro- 
tect the fine pitch worm from being 
used in truing. 

Five a.c. motors are used for travers- 
ing: two 74 hp. for traversing the 
stanchion; two other 5 hp. motors 
mounted on top of the stanchion in- 
dependently position the cutterheads 
vertically. Before they can be operated, 
a feed and resetting clutch on each 
stanchion must be disengaged to dis- 
connect the main speed drive. Inter- 
locks in the control circuit of each 
motor prevent their operation when the 
clutch is open. А 20-hp. motor 
simultaneously traverses both heads to 
maintain the lead relation to each 
other and the gear blank. It also 
rapidly traverses the hobs in opposite 
direction as in feeding. This motor 
is interlocked with a common feed lever 
by a limit switch which cannot be 
operated unless the feed is disengaged. 

A.c. and d.c. circuits are coordinated 
by the use of a double throw main 
switch located on the control panel. 
A neutral position is provided to permit 
electric inspection or repair. This sim- 
ple switch eliminates complicated in- 
terlock and prevents a.c. motors from 
running when d.c. motors are in opera- 
tion and vice versa. Pendant push- 
button station controls all motors except 
the lubricating motors. Separate sta- 
tions arranged with 13 buttons are 
provided for each cutterhead. Seven 
buttons on each switch are for dual 
control of the main, truing, and simul- 
taneous traverse motors. The remain- 
ing buttons control the motors 
pertaining to their respective cutter- 
heads. All controls for the a.c. motors 
are 110 volts stepped down from the 
440 volt power circuit. 

(Continued on next page) 
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MODERN DESIGNS - Electrical Controls (continued) 


Heat generated in the electrical 
controls is kept away from the machine 
by mounting all motor starters and 
rheostats on a panel placed in an inclo- 
sure in the wall of the air-conditioned 
room in which the machine is operated. 
The front of the panel faces inside while 
the rear is accessible from outside the 
constant temperature air-conditioned 
room. All heat generated is dissipated 
Signal lights on the 
panel board indicate whether the 
lubricating oil pressure is adequate. In 
the low-pressure oiling system a bell 
warns the operators when the pressure 
reaches a pre-determined minimum. 
Pressure switches operate both warn- 
ing light and bell. Hand operated 
selector switch on the panel brings into 
operation duplicate lubricating pump 


motor load 
indicating | 
lights @\| 


to the outside. 


because the main motor must not be 
stopped at any time while machine is 
engaged in the cutting operation. 


Dual-lead worm threads 


' vary in thickness from 
one end to the other 


Fine-pitch worm 





Coarse-pitch worm Ball thrust bearings 


Coarse-pitch worm -gear used 
for roughing and truing only 


Minimum backlash between the indexing worm and 
the gear driving the work table and accuracy of the worm 
gear set are maintained by using a double worm gear, 
each worm arranged with different lead on each set of 
profiles, resulting in a thread that varies in thickness from 


one end to the other. The mating cast Meehanite worm 
gears are correspondingly modified. Thus the backlash 
can be controlled by axially adjusting the work without 
disturbing the center distance and without affecting the 
transmission of uniform motion. The upper gear set of 
fine pitch is used exclusively for finish cuts, the coarse 
pitch for roughing operations. 
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Tapered roller bearings, 54 in. 
O.D., take the radial thrust and flat 
annular bearings take the vertical table 
load. Each bearing race is ground 
within an accuracy of less than 0.0002 
in. run-out between inner and outer 
surfaces and all rollers made uniform 
within 0.0001 in. Preliminary tests 
on the machine showed 0.0003 in. maxi- 
mum table runout. 


Hob spindle 
and bearing 
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Hob spindles have a reverse taper bearing with the small 
diameter at the nose end of the spindle to give close support 
for small diameter hobs. This also permits a larger diameter 
spindle at the drive end. Spindles are made of high-carbon 
chrome-manganese-molybdenum steel, heat-treated. Arbors 
are of similar material, chromium plated to minimize wear 
and prevent raising of burrs. All drive shafts have multiple 
splines either with three square keys or ten involute teeth. 
All main driving shafts and gears are heat-treated, high- 
carbon chrome-manganese-molybdenum steel. Index worms 
are case hardened and accurately ground nickel-moly bdenum 
steel. Tapered roller bearings are used for the cutter drives. 
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Current Control by Flux Diversion 





Heavy-duty. multi-purpose 
Glenn-Roberts welder incorporates a 
transformer design which controls cur- 
rent by means of flux diversion. Ап 
iron core placed between primary and 
secondary of the transformer is moved 
vertically by an electric motor and 
gear train. The position of the core 
regulates the amount of flux which will 


be diverted away from the secondary. 
Accurate positioning by remote control 
from the pushbuttons on the welding 
tongs provides "stepless" current con- 
trol. Circuit permits operation of 
machine as a single circuit welder with 
100 to 2,500 amp. range; as a 2, 3, or 
4-operator multi-circuit machine with 
2,500 amp. top output; or as four 


110 V. input 


Contactor pilot control $ 


--Pushbuttons on 
welding tongs 
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units, each with 100 to 625 amp. output. 
Maximum voltage which operator con- 
tacts is 70 volts or less; only 22 volts 
on control at tongs. Transformer 
frame and outer case are grounded. 
Core plates are precision die stamped 
for low-loss silicon transformer steel. 
Insulation is fibre glass and mica. 
Frame and base are of structural steel. 


shbuffon 
for current 
control 


440% %, 
13211231 











MODERN DESIGNS - Diesel Powered Motor Grader 


>» General Motors 
1 


Diese/ 







/nvolyfe 
shaped blade 


Hydraulic brakes 
on front wheel 


is welded to 10 in. structural channels, 


Two-eyele 75 hp. General Motors 
diesel drives this new Allis-Chalmers 
grader which features 22 in. clearance 
at center line of front axle and 6?4 in. 


reverse speeds, dual brakes. All.steel 


welded frame is a tapered beam with 
maximum section modulus at circle sup- 
ports where bending moment is great- 


Channels are also reinforced by tubu- 


lar members, ends of which are welded 
to the welds and by steel plate at front 





between blade and circle, involute curve est. Tubular section of 10 in. extra of cab. Front post is steel casting as 
shaped blade, six forward and three strong pipe, to resist torsional stresses, are blade lift arm supports. 


Jom om 

" Er 227 
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Front axle is welded truss. Center steering control 
with ball and socket joint permits frame to lean for bank 
cuts. Worm and worm gear for setting wheels at desired 
angle are mounted on front axle at right and are driven by 
power shaft which passes through tubular frame and front 
post. Draw bar is welded tubular structure with ball and 
socket end to permit frame to lean. 
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Circle lift 


T-shaped welded tubular draw bar 
forms rigid support for the circle. Circle 
is made of structural angle, rolled, butt 
welded and machined on three sides. 
Gear teeth are hollow steel cast in seg- 
ments and are welded to the rolled 


angle. Gear case is mounted out on the 
frame where it is directly connected to 
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Ball and |. 
socket joint 








lift arms through short cranks. By 
using self-locking worm and worm- 


wheel, the torque holding the blade in 
operating position is not transmitted to 
the drive shaft and hence a shaft with 


high torsional stiffness is not required. 
Since the shafts only lift the circle they 


can be of small diameter. 


Steel casing— 


Power from the engine is transmitted to the cast steel 
control box where it is distributed to spur gears which are 
connected to the control shafts by bevel faced jaw clutches 
when levers are operated. Clutches throw out automatically 
at the limit of motion. Brakes on control shafts are spring 
loaded. When levers are actuated the bands are forced apart 
leaving control shafts free to move. When lever is released 
brakes are automatically applied. Controls can be run at two 
speeds, slow for close adjustment, rapid for large movements. 


June, 1941 





Seat can be moved back and down 
to level of other cushions when driver 
stands to operate the machine. Central- 
ized controls include slow or high speed 
operation of blade and machine posi- 


tion (vertical levers), parking brake, 
and machine speeds at far right. Elec- 


tric starter and lights are standard 
equipment. Transmission controls at 


driver’s right give two ranges of three 
speeds each (1.48 to 16.6 miles per 
hour) forward and three speeds in 


reverse, Lever actuates disk brake on 
transmission. 


Speed contro/ 
/еуегѕ 


Disk type 
parking brake 


Nfaun eirive shoaf? 





Power plant and transmission unit are designed to have 
especially short drive shafts to assure rigidity. Disk brake at 
end of lower gear shaft for parking has Velvatouch brake 
lining. This brake is also used in combination with the ex- 
panding hydraulic brakes on the front tandem wheels in 
order to prevent entire rear unit from pivoting about main 
shaft. Motor is mounted on welded channel frame. Drive to 
four tandem wheels, using welded sprockets and heavy duty 
chain, is inclosed in a heavy welded case. 
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MODERN DESIGNS - Aircraft Engine lBynamometer 


Designed for running in and testing 
aircraft engines this Mid-West dyna- 
mometer is capable of absorbing 2,000 
hp. in a small space by using the 
Dynamatic eddy current clutch princi- 
ple described in a previous number 
(P.E. March 1940). Electric motor, 
through chain drive and magnetic 
clutch on dynamometer shaft, runs-in 
and starts the aircraft engine. When 
the engine starts, a limit switch cuts 
the current to the magnetic clutch coil 
disconnecting the electric motor drive. 
Since the clutch consists of two alloy 
steel plates it would be necessary to 
reverse the current to keep them from 
sticking together. By spraying one 
surface with copper the plates separate 
easily when coil is deenergized. Scale 
head can be turned in any direction. 


Steel 


РА Sprayed copper 
“  Q008 in. thick 


->>--Clutch foces 


Tube type terminal flexible leads 
used by Westinghouse make possible 
faster wiring than is possible with the 
solid tinned copper wire covered with 
treated cloth tubing. With the solid 
wire it was necessary to loop the wire 
for screw connections to major appara- 
tus parts or for coil leads and other 
small apparatus the connection was 
soldered. Such screw connections 
nicked the solid wire, weakening it and 
often causing breakage. Two or more 
wires fastened together tend to cut one 
another in two if tightened too much. 
With the new type leads, electrical 
screw connections using No. 4 and No. 
10 nickel-plated brass washer head 
screws are used exclusively, soldering 
being used only for very small coils. 
Uniformity of joints is not dependent on 
the human element. And the cable it- 
self, not the die-formed and stamped 
terminal connection, is the weakest link 
in this chain. 
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Vance welding process joins 
S.A.E. 1010 tubing to a 2}-in. dia. 
steel washer for part of a motor sup 
port. A sw-in. rod slides through hole 
in 0.014 in. thick washer and 0.084 
in. tube. Weld is made with little flash 
at an average rate of 1.200 pieces ptr 
hour. 
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CRANK MECHANISM MOTIONS 


New Methods for Their Exact Determination—I 


HE BASIC MECHANISM of all 

engines, pumps and compressors 

is the crank-connecting rod link- 
age. Machine tools, packaging machin- 
ery and many other machines are 
further examples of the widespread ap- 
plication of this important mechanism. 
The engineering problems in its design 
deal fundamentally with the masses 
and accelerations and the resulting in- 
ertia forces created. Factors that de- 
termine the magnitude of the forces 
or stresses developed include the mass 
of the connecting rod, the ratio of 
crank radius r to rod length /, ex- 
pressed as A = r/l, and the magnitude 
of the accelerations, which for a given 
mechanism increase with the square of 
the speed of rotation. Obviously, the 
higher speeds for which modern ma- 
chinery must be designed require the 
engineer to give more thorough consid- 
eration and study to the calculation of 
the forces created in the crank-connect- 
ing rod mechanism. Indeed, the approxi- 
mate methods generally used can be 


Dr. WERNER F. VOGEL 


Wayne University, Engineering College 


easily replaced by more accurate proced- 
ures for analyzing and calculating the 
acceleration forces. 

A characteristic feature in the devel- 
opment of the modern crank mechan- 
ism has been the steadily increasing 
value of A = r/l. One reason for this 
is that thereby the value of l is re- 
duced and, therefore, the mass of the 
connecting rod is likewise reduced. A 
second reason for selecting the value 


Table 1 —Usual Ratios of 
Connecting Rods 





ENGINE A=r/l 


Steam Engines 


Locomotives.........| 0.143-0.167 
Stationary Engines... 0.2 
Steamships.......... 0.222-0.25 
Gas and Diesel Engines 
ТтшШ............../ 0:322 0.288 
Passenger Cars...... | 0.238-0.278 
Airplanes...........| 0.278-0.313 





of X as great as possible is that it re- 
sults in a more compact mechanism. 
But mass is only one of the two multi- 
plying factors which determine the in- 
ertia forces. The other factor, the ac- 
celeration, is also influenced by an 
increasing value of X and at extremely 
great values of X, the maximum pos- 
sible value being 1, (Ref. 1), the ac- 
celerations will be appreciably greater 
than the maximum values determined 
by the usual approximate methods, as 
will be demonstrated. In Table I are 
given r/l values commonly used. 

This series of articles will present for 
the first time new exact equations and 
graphical methods for the motion of 
the crank mechanism, equations, which 
for certain problems are even simpler 
to compute or construct than the 
conventional approximate formulas. 
Moreover, the equations permit the use 
of new graphical methods on an exact 
basis. And for the first time there is 
presented such a definite general alge- 
braic solution for the maximum velocity 


Table II—Principal Equations of Motion of Crank Mechanism 
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PISTON SYMBOL Exact Equation No. APPROXIMATE EQUATION No. 
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The equations for z, a and c are called Principal Equations of the 


Crank Mechanism. 


For significance of r, l, ^, a, and 68, вее Fig. 1 and tabulation above. 


Th 


tion number. 


30 


Approximate Equations are designated by an A preceding the equa- 
For error of the approximations, see Figs. 5 to 9. 


is the constant angular velocity of the crank. 
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Fig.1 


Acceleration curve 
Velocity curve 









Fig. 1—Piston accelerations and velocities 
plotted against crosshead displacements. 
Numerical subscripts refer to angular 
position of the crank from head-end dead 


center. To construct the velocity curve, 
for any position of the crank extend the 
line of the rod to intersect the vertical 
ME. Project E horizontally to the left 
till it intersects the vertical DP passing 
through the crosshead pin. P will be a 
point on the velocity curve. To construct 
the acceleration curve (Ref. 4) the crank 
is extended to intersect the line PE at G; 


of the piston, that it is simple enough 
for practical numerical evaluation in- 
stead of commonly used approxima- 
tions. 

The following symbols, as shown in 
Fig. 1, will be used throughout these 
articles: 

x = piston or crosshead displacement 
from head end dead center 
piston or crosshead velocity 
acceleration of piston or crosshead 
= angular velocity of crank 
crank radius 
connecting rod length 
r/l 
arbitrary angular displacement of 
crank, equals zero when piston is 
at head end dead center 
8 = connecting rod angle 
tan y — slope of velocity-displacement curve 
of piston 
tan ó — slope of acceleration-displacement 
curve of piston 


tou 


R as Eao 


Equations of motion. The motion of 
the crosshead and piston is expressed 
by the principal equations of motion 
of the crank mechanism; they are for 
the purpose of computing the displace- 
ment x, the velocity c, and the accelera- 
tion a of the crosshead. Since crosshead 
and piston have the same motion, hence- 
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-Max. velocity : 
at zero acceleration | 


_Meax. negative 


Crank circle 


| @=90° “*-+ acceleration Ё 
emm Stroke 2r------» е ЮО 
Gead end CCrank end Headend 
olead center dead center dead center 


GL is perpendicular to GE and LN is 
perpendicular to the line of the rod. 
NM is the acceleration a of crosshead at 
position x distance from head-end dead 
center. The two shaded areas are equal. 


Fig. 2—Piston velocities and accelerations 
plotted against angular displacement of 
the crank. Inflection points in the solid 
portion of the velocity curve occur only 
at the three vertices in the acceleration 
curve. Maximum negative acceleration 
is the only one of these three vertices, 


forth we shall refer to it only as that of 
the piston. According to symmetrical 
relations of the lines of motion, as shown 
in Figs. 1 and 2, it is not necessary to 
investigate the return stroke of the 
piston. Therefore, all equations pre- 
sented refer only to the motion within 
the range from 0 to 180 deg. inclusive. 
Exact principal equations have been 
published for some time, but, unfortu- 
nately, they have not become as well 
known in engineering circles as it would 
seem their significance demanded. 


Exact principal equations. These 
are shown in the accompanying Table II. 
Equations (1) to (4) of the principal 
equations can be found in a publica- 
tion by Pinzger (Ref. 2). They allow 
a direct computation of x, c and a if the 
position of the mechanism is given by 
the angular displacement of the crank, 
but can be applied to the range from 
180 to 360 deg. 

Equations (1) and (2) can be found 
by geometric conclusion from Fig. 1. 
Equations (3) and (4) are obtained 
by simple or double differentiation of 
Equation (2) or by other procedures of 


Velocity curve 


Fig.2 


,-CAcce/lera*/on curve 





= 


‘Crank end 
dead center 


which appears also as a vertex with hori- 
zontal tangent, namely S**, in the acceler. 


ation curve of Fig. 1. The crank's angu. 
lar displacement « represents also the 
time t. The acceleration curve is sym. 
metrical about the vertical axis repre. 
senting the crank end dead center. The 
velocity curve from 180 to 360 deg. is the 
reflection of the curve from zero to 180 
deg. The scale for «a is selected arbi 
trarily and points are projected over from 
the corresponding points in Fig. 1 as in. 
dicated by dash lines 


dynamics, for instance, by means of the 
instantaneous center and by methods of 
relative motion. They are valid under 
the assumption, in most cases admissi- 
ble, that the number of revolutions per 
minute, n, and therefore the angular 
velocity of the crank, w = xn/30, is con. 
stant. 

Equations (5) and (6) of Table II 
are formulas for the increase of the 
piston acceleration and for the slope 
of the true curve of acceleration, shown 
in Fig. 1. They were derived by the 
author for purposes of more thorough 
research (Ref. 3). 

From Equation (2) the formulas of 
Table III were obtained by differentia- 
tion. Their application will be shown in 
the discussion of the motion of the 
connecting rod. 

By computing x, c, and a for differ- 
ent crank angles a the acceleration and 
velocity curves can be plotted against 
x or a, as shown in Figs. 1 and 2. How- 
ever, because of its involved character, 
few engineers have felt Equation 4 
adaptable for practical computation; 
rather they prefer simpler approximate 
formulas. 
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In these articles, approximate equa- 
tions will be indicated by an A preced- 
ing the equation number. 


Approximate forms of the prin. 
eipal equations. The approximate 
principal equations cited in engineering 
manuals are tabulated as Equations 
(A1) to (44) at the right side of Table 
] Equation (A5) is valid for the in- 
crease of the approximate acceleration 
defined by Equation (A4). 

The computation of x, c and a by aid 
of the approximate Equations (Al) to 
(A4) is especially simple when the an- 
gular displacement of the crank is given 
or selected. If, for different crank posi- 
tions, we trace the so computed differ- 
ent values of the acceleration a over 
the displacement x of the piston, we get 
a parabola as the approximate curve of 


acceleration, as shown in Figs. 3 and 5. 
This parabola has entered into engi- 
neering literature as Radinger's Para- 
bola of Acceleration or simply as Para- 
bola of Acceleration. Fig. 3 shows a 
convenient graphical construction of 
this parabola, the slope of which, see 
Fig. 5, can be expressed by Equation 
(A6) as tabulated. 

In many practical cases Radinger's 
parabola may be adopted as a suffi 
ciently exact substitute of the true curve 
of acceleration. It is regrettable that 
many engineering handbooks do not 
even mention that Radinger's parabola 
is only an approximation and none of 
them discuss the errors involved in ap- 
plying it. 

In order to enable everyone to decide 
for himself, whether in his case this 
approximation is permissible, the au- 


Table III—Edquations for the Angular Motion of Connecting Rod 
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thor has made a thorough investiga- 
tion of the maximum errors of the ap- 
proximate forms of the principal 
equations, and has given exact equa- 
tions for computing and analyzing these 
errors (Ref. 3). The results, as shown 
by the curves of the greatest errors in 
Figs. 7 to 9, can be summarized as 
follows: 


1. DISPLACEMENT OF PISTON APPROXI- 
MATE EQUATIONS (Al) AND (A2): The 
error at the dead centers equals zero. 
The greatest error always appears in 
the perpendicular position of the crank, 
a — 90 deg. It grows, as shown in Fig. 
1, only slowly with increasing and is 
negligible for values of 4 between 0 and 
0.3, which is the most frequently used 
range. 


2. Piston VELOCITY, APPROXIMATE 
EQUuaTION (A3). The error is zero at 
the dead centers and in the perpendic- 
ular position of the crank, a — 90 deg. 
The error has two vertices; they ap- 
pear in those crank positions which cor- 
respond to the two intersecting points 
A and A’ in Fig. 5. The vertex error 
corresponding to A’ is always the greater 
one; for this, the a-curve and the great- 
est error-curve in Fig. 8 are shown. 

The greatest error for c is negligible 
in the usual range of A = 0 to A = 0.3, 
but as shown in Fig. 8, it then increases 
greatly with increasing A values. 


(Continued on next page) 


Fig.4 


-Acce/eration curve 


by the true tangent method, 
a closer n 
than Fig. 





| SYMBOL EQUATION No. 
Connecting Rod Angular Displacement.....| 8 віп В = \ sina (2) 
. 299 | — dg cos a | 

Connecting Rod Angular Velocity.......... | we = —— | w3 = —w A —— (7) 

. | dt | cos @ 
| = —wcotanatan 8 | (8) 
, à dwg | 8 3 
Connecting Rod Angular Acceleration. ..... qom є8 = (o? — ov) tan 8 | (9) 
) | 
| The positive sign signifies clockwise rotation like that of the crank. 
e 
Fig.3 
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for all values of ^ less than 0.4 Points 





parallel to 
Qo ЯР 9 180 





Q., Qos Qis and H are located, calculat- 
ing ^, from the relationship ^, = V 1—X. 
The two sets of points 1-1, 2-2, and 3-3 
are connected and the two curves Q.Q,, 
«nd Q,Q,, are drawn tangent to these 
connecting lines 
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3. ACCELERATION OF PISTON, APPROX- 
IMATE EQUATION (A4). Fig. 5 shows im- 
pressively how much Radinger’s para- 
bola can deviate from the true line of 
acceleration. Error of acceleration is 
zero at all points where the curve of 
acceleration intersects the parabola; the 
error is zero not only at the dead cen- 


" ~6 Parabola 


ters Qo and Qı» (a = 0 deg. and a = 180 
deg.), but also at the points A and A’, 
which positions, from the previous dis- 
cussion of approximate Equation (A3), 
are already known. 

In Fig. 6 we find three vertices of 
errors Sı, S, and S, of which S, is the 
most important. It is independent of A 


.-Exacf curve of 





Fig. 5—The exact curve of acceleration 
and Radinger’s Parabola. Location of 
points of zero error, A and A’ varying 
with ^, also determines the crank posi- 
tion for maximum error of the velocity 
as given in Fig. 8. Fig. 6 The curve of 
errors is obtained directly from Fig. 5. 


Percent Error 


acceleration 


The error vertex S, occurs always at the 
90-deg. position of the crank (a, = 90°) 
and is independent of the location of 
maximum acceleration Sparavoia and S. 
See Figs. 7 and 9 for curves of maximum 
errors in the approximate principal equa- 
tions 


Maximum error of X caused 


by use of Equation (A1) 


Value of A 


Fig. 7—Maximum errors of pistons dis- 
placement x as caused by use of the ap- 
proximate Principal Equation (Al), ex- 
pressed in percent of the exact values, 
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for different values of X. The maximum 
error always occurs at a — 90° regardless 
of the value of ^, the ratio of the length 
of the rod to the crank radius 





and occurs always at a = 90 deg., the 
perpendicular position of the crank, 

Of the other vertices S, and S, the 
latter is the more important since here 
the error is always greater. The crank 
position corresponding to S, may be 
read from the dotted curve in Fig. 9, 
as indicated thereon. The two error. 
curves of the vertices S, and S. inter. 
sect each other in Fig. 9. From =0 
to A = 0.75, $„ gives the greatest error 
of acceleration; from A = 0.75 to À — 1. 
the S, curve, however, indicates the 
greatest errors. Thus the greatest value 
of the acceleration's error always fol. 
lows the composed curve which is deter. 
mined by the greater ordinates of the 
intersecting curves. 


4. Errors OF RanpiNcER's PARABOLA. 
The errors of the abscissas and the or. 
dinates of the Radinger’s parabola have 
been discussed. Except for the rarely 
used range А greater than 0.75. where 
the application of Radinger’s parabola 
ought to be excluded anyway, for both 
abscissa and ordinate the greatest er- 
rors occur at the 90 deg. crank position. 
The outer tangents of Radinger's para- 
bola at Q, and Qisoc—often utilized for a 
graphical construction of this curve, as 
in Fig. 3—deviate from those of the 
true curve of acceleration. 

All this is eliminated in the new 
approximate acceleration-displacement 
curve, shown for the first time in Fig. 
4. This curve is exact at Qə, just where 
the Radinger's parabola has its great. 
est deviations. The three tangents at Q,, 
Ош аһа Ом are also exact. Therefore, 
the author expects his curve to be much 
closer to the exact one than is the 
Radinger’s parabola. 

Of course, this expectation is justi- 
fied only for a reasonable range, such 
as between A = 0 and A = 0.39, wherein 
the true curve of acceleration has no 
point of inflection. Fortunately, the 
limiting value 4 = 0.39 is much greater 
than the usual A values. 

For greater than 0.4 both of the 
approximate constructions shown in 
Figs. 3 and 4 should be avoided. How- 
ever, the true tangents of Fig. 4 will 
prove helpful even within this extreme 
range when the construction of the ac 
celeration curve is aided by locating m 
points of inflection and its negative 
maximum. These points will be dis- 
cussed in Part III of this series which 
will appear in the August issue. 


Use of Numerical Tables 


If, in the principal equations, r and ® 
are each put equal to unity, one gets 
the equations for dimensionless umit 
crank gear. These signify that the mo- 
tion diagrams of all crank gearmgs 
with the same ratio A are geometrically 
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Fig. 8—Maximum error of piston velocity 
c caused bv application of approximate 
principal equation (A3) corresponds al. 
ways to the crank position a of point A' 
in Fig. 5, which varies with the value 
of X. Fig. 9—Maximum error of the ac- 
celeration a when a is computed by use 
of the approximate principal equation 


similar. One needs, therefore, only to 
tabulate the values for the unit crank 
gearing of a certain À value in a nu- 
merical table in order to obtain at once 
the proportional values for every other 
crank gearing of the same ratio of rod 
length to crank radius. For a crank 
mechanism of a given crank radius r 
and a given crank angular velocity w 
every wanted value is then k times as 
great as the corresponding tabulated 
value of the unit mechanism. Herein k 
1S a proportionality factor, having the 
following fixed values: 


For all angular terms (angles, an- 
gular velocities and angular ac- 


cia k=1 

or displacement of piston. .... kar 
or velocity of piston k=rw 

For acceleration of piston...... k= rw 


Obviously, for a fixed value, we 
need only one set of curves of motion, 
namely, that of the unit crank mechan- 


sm, for all possible applications. The 
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(A4). The error is plotted in this chart 
as the difference between the exact value 
and the approximate value as calculated 
by Equation (A4), divided by the exact 
value and expressed as a percentage. 
The maximum error follows the heavy 
curve corresponding to the error vertices 
S, and S, of Fig. 6. It should be noted 


variability of r and « only influences 
the scales which can be easily deter- 
mined by the above given Kk values. 

Because of the extraordinary simplifi- 
cations which can be obtained in this 
way, most of the engineering manuals 
do contain such numerical tables for 
a, x, c, and a at different A values. But, 
unfortunately, almost all of these nu- 
merical tables are computed on the 
basis of the approximate main equa- 
tions. 


Editors Note—In the second install- 
ment of this series of four articles, the 
author will present new simplified exact 
methods for the arithmetical computa- 
tion and graphical construction of the 
crank-connecting rod motions. Two new 
graphical constructions of the accelera- 
tion curve which enable locating dead 
center acceleration will be shown along 
with suggestions to simplify plotting the 
curve by means of tangents. 
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that vertex S, leads to an error curve, 
not shown here, with smaller ordinates 
than the heavy maximum error curve 
shown here. Error vertex S, always oc- 
curs at the 90 deg. position of the crank, 
1Һаё іѕ, а, = 90 deg., while the crank 
position a, for the vertex S, can be read 
from the dotted curve 
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ESIGNERS of metal products 
are aware of the facility with 
which parts can be made by the 

screw machine and by die-casting. It is 
less generally realized, however, that 
certain types of parts can be manufac- 
tured alternatively by either type of ma- 


chine. Both types of product have 
advantages and limitations which de- 
serve consideration when making a 
choice between the two. 

As distinct from the “hand” or non- 
automatic type, the automatic screw 
machine is an automatic hollow-spindle 
turret lathe and, within size limitations, 


can produce rapidly and economically 


almost any shape of part which can be 
turned from bar or tubular stock by a 
lathe. By the use of tools, fixtures or 
attachments, some of which are small 


machines, many supplementary opera- 
tions such as slotting, milling of flats, 
burring and cross drilling can be per- 
formed. These and other operations are 
sometimes done more advantageously 
on separate secondary machines. Opera- 
tions which the screw machine proper 
can do on the cut-off end of the piece 
are somewhat limited, however, some 
machines are provided with attachments 
for removing the burr and for doing 
other light operations after the piece has 
been cut off from the work stock and 
transferred to the attachment. 

It is also possible, when equipped 
with a magazine feed, to use a screw 
machine as a chucking machine. With 
a magazine feed pieces already partly 
machined in prior operations, on the 
same or a duplicate machine, are loaded 
into the spindle collet and then ma- 
chined, generally on the cut-off end, 
much as if the machine were using bar 
or tubular stock, except for the method 
of feeding. 

Parts produced by die-casting follow 
an entirely different cycle. Molten 
metal is fed under high pressure into a 
steel die and solidifies quickly; the 
casting is ejected almost immediately. 
The die may have a single or several 
cavities, all the same or all different as 
required; or several separate dies can 
be installed in the machine. After the 
casting operation the parts must be cut 
or broken from the gate, and the flash 
be sheared or otherwise machined off. 
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DIE-CAST PRODUCT OR 
SCREW MACHINE PRODUCT -I 


HERBERT CHASE 


In Table I are listed the factors that 
are usually given consideration when de- 
termining whether a product should be 
made by die-casting or on a screw 
machine. 


MaTERIALS. The alloys used to the 
greatest extent for die-castings are those 
based on zinc. Next in importance are 
those based on aluminum. Alloys of 


Parts die-cast in alloys based on zinc, aluminum or copper. h 
duplicated in shape, though probably not with equal economy, on the screw machine. 
For some of these parts supplementary operations would be required 























copper base and those of magnesium 
base are growing in importance, but 
production is relatively limited. Alloys 
of lead and tin are readily die-cast byt 
are of small commercial importance, 
Ferrous alloys are not die-cast commer. 
cially. In Table II are listed properties 
of these and of other alloys. Not in. 
cluding plastic rods and tubes, there is 
a far wider choice of materials avail. 
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able for screw machine products than 
fer die-castings. 


Weicut. Relative specific gravities of 
materials used for die-castings and 
screw machine products are given in 
Table I. Since the wrought materials for 
screw machine products are stronger 
than those for die-castings and the 
gravities are about the same, it follows 
that for a given strength a lighter screw 
machine product can be made, espe- 
cially in steel. But, if sections must be 
the same, the die-cast part will be some- 
what lighter than a steel or brass screw 
machine product. It is possible to fur- 
ther lighten the screw machine product 
if full advantage be taken of the greater 
strength attainable through heat-treat- 
ment. The weight of metal required to 
make the part is likely to be greater for 
the screw machine product than for the 
die-casting, because of greater scrap 
loss 


SrrRENGTH AND Ductitity. Most cast 
materials are inferior to the correspond- 
ing wrought non-ferrous materials in 
the significant physical properties and 
die-castings in general are not an excep- 
tion to this rule. The commoner die- 
casting alloys are inferior to steel in 
strength and hardness, and have lower 
softening and melting points. All die- 


cast forms are subject to some porosity 


the location of which generally can be 
controlled so as not to come in highly 
stressed sections. Porosity is minimized 
and often so nearly eliminated by good 
casting technique, that for a wide range 
of applications it can be disregarded. 
Naturally, wrought materials are free 
from porosity. If the die-casting, which 
is always non-ferrous, be compared with 
the steels most commonly used for screw 
machine products, the difference in 
physical properties is still greater. It 
will be observed from Table II, how- 
ever, that brass die-castings can be had 
with a tensile strength greater than that 
of mild steel. It may be noted, also, 
that the differences as between wrought 
and die-cast non-ferrous alloys in tensile 
strength is not very wide when the 
former are in the soft annealed condi- 
tion which is preferred for production 
on the screw machine. 

It is also significant that the zinc 
alloys and those in brass are remark- 
ably high in impact strength and quite 
high in ductility for cast materials. It 
1s thus feasible to perform such opera- 
tons as punching and spinning on zinc 

y and on certain other die-castings, 
much as can be done on wrought metals. 

both classes of product, however, a 
considerable proportion of the total out- 
Put is for types of applications in which 
the strength and ductility of either die- 
cast or wrought materials is ample to 
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Table I—Design Factors Compared for Die-Casting and 
Screw Machine Products 





DIE-CASTINGS 


SCREW MACHINE PRODUCTS 





MATERIALS 


WEIGHT 
(Specific 
gravity) 


PHYSICAL 
SHAPES 


SURFACE 
SMOOTHNESS 


DIMENSIONAL 
ACCURACY 


TooLING CosT 


PRODUCTION 
RATE 


LABOR COST 


MATERIAL 
CosT 


WASTE IN 
SCRAP 


MACHINING 
Cosrs 


Cosr ОЕ 
APPLIED FINISH 


STRENGTH AND 
DucTILITY 


HARDNESS AND 
CREEP 


Zinc alloys lowest in cost and 
most widely used. Aluminum 
alloys next in cost and extent of 
use. Alloys of copper, mag- 
nesium, tin and lead used for 
some purposes— No ferrous 
materials available 


Zinc alloys average 6.7 
Aluminum alloys average 2.75 
Magnesium alloys average 1.81 
Copper alloys average 8.40 


Lead alloys average 10.65 


Generally comparable to screw 
machine products. Often in- 
clude detail differences such as 
ribs, bosses, irregular recesses, 
tapered flutes and serrations not 
capable of duplication by screw 
machine. Readily made hollow 
at both ends without extra 
operations 


Often cast so smooth that only 
bufling is required before plating 
but average may be inferior to 
that on screw machine products 


Usual commercial tolerance + 
0.001 to 0.003 in. per in. on most 
important dimensions 

Casting die and tools for flash 
removal likely tc exceed tooling 
cost on screw machine. Tool up- 
keep usually low or negligible 


Usually 50 to 1,000 cycles an hr. 
and one to several castings per 
cycle with one man usually in 
continuous attendance 


Likely to be higher for die- 
casting because of extra opera- 
tions needed subsequent to cast- 
ing and use of non-automatic 
machines 

About 10¢ per Ib. for zinc alloys 
About 12 to 17¢ per Ib. for alum. 
alloys 

About 10 to 14é per Ib. for cop- 
per alloys usually lower than for 
screw machine products except 
when latter are m low cost steel 


Slight because scrap is remelted 
as are also any rejects produced 


Varies from slight to consider- 
able depending on requirements, 
all in secondary operations 


Usually about the same as for 
screw machine products but 
more polishing and buffing 
may be needed for plating 


Nearly always inferior to steel 
but for corresponding  non- 
ferrous alloys the differences are 
often slight though generally 
favoring the wrought materials 
used in screw machine products 


Zinc and aluminum alloys range 
from 60 to 83 Brinell; brass 120 
to 180. Zinc alloys subject to 
creep at atmospheric tempera- 
tures 


Free-machining steels lowest in cost 
and most widely used. Many other 
steels available. Brass widely used 
and many other non-ferrous alloys 
are available. Some alloys suited 
for die-casting are not available in 
rods or tubes. Some plastics used 


Free machining steels about 7.86 
Free cutting leaded brass 8.50 

Range of other materials about the 
same as for corresponding die-casting 
alloys 


Primarily generated by rotation and 
those having section of stock used, 
but secondary operations often per- 
formed by attachments permit cer- 
tain variations from rotational 
shapes. Shaping at cut-off end 
limited except in secondary opera- 
tions. Can have interior and ex- 
terior undercuts not feasible on die- 
castings 


Depends on tools used and other fac- 
tors but is often remarkably good 
and can be brightly burnished. Sur- 
faces normally brighter and often 


smoother than for the castings 


Usual commercial tolerances + 0.001 
to 0.003 in. on most significant di- 
mensions regardless of size of piece 
Often an important consideration in 
total cost. ool upkeep often rather 
high, but total tooling costs are likely 
to be lower than for die-casting 


Usually 30 to 3,600 pieces produced 
per hr., depending on number and 
character of operations, size, and 
material used. One man usually at- 
tends several machines 


Likely to be lower as machines are 
automatic and often complete all 
machining required 


About 4.5¢ up per Ib. for free cutting 
low carbon steels 

About 15¢ up per Ib. for free cutting 
brass usually exceeds that for die- 
casting unless low cost steel can be 
used 


Often considerable especially if much 
metal is removed, but non-ferrous 
scrap usually has good resale value 


Usually moderate to low, but a part 
of basic production. Secondary op- 
erations, frequently needed, costs de- 
pending on requirements 


Usually about the same as for die- 
casting but skiving or burnishing 
often save in polishing and buffing 
of parts to be plated 


Much superior for steel and usually 
somewhat higher for those non- 
ferrous alloys which correspond in a 
general way to certain die-casting 
alloys 


Steel 130 to 241 or higher Brinell. 
Copper alloys (brass, etc.) — 10 to 
+105 Rockwell “ B”’ (1/16 in. ball 
100 kg. load) 

Cold flow seldom significant 
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meet requirements, since the parts are 
not highly stressed. When this is true, 
of course, the designer is likely to be 
more concerned with cost and other 


considerations than with mechanical 
properties. 

There are available for screw ma- 
chine products materials which are 


more resistant to corrosion than any 
available for die-casting, although both 
types include materials ranking high in 
this regard. Most ferrous materials are 
subject to red rust, whereas die-castings 
are not. 

In general, the die-casting cannot be 
heat-treated with benefit in physical 
properties because it is subject to blis- 
tering at ordinary heat-treating tem- 
peratures. Many screw machine steels 
can be heat-treated with important im- 
provements in strength and hardness. 


HARDNESS AND CREEP. When hardness is 
desired, steel has a marked advantage 
over the non-ferrous alloys used for die- 
casting, and.also those in wrought form 
used for screw machine products. Hard- 
ness, however, affects machining proper- 
ties and is sometimes a disadvantage; 
Table II gives some relative values. Zinc 
alloy die-castings and those of lower 
melting point are subject to slight creep, 
that is, cold flow, even at normal atmos- 
pheric temperatures. The effect of 
creep is seldom a factor in design unless 
rather high stresses are imposed, espe- 





cially in bending and tension. Creep is 
said to be negligible or nil in die-cast 
alloys of higher melting point and the 
same is probably true of all important 
wrought materials used for screw ma- 
chine products, as far as ordinary tem- 
peratures are concerned. 


PuHvsicAL SHAPES. There is a greater 
limitation as to shapes readily produced 
in the screw machine product than in 
die-casting. Die-cast products are by no 
means confined to shapes involving sur- 
faces of rotation; variations in shape 
are almost unlimited. Parts can be die- 
cast with either internal or external 
threads, although it is often more eco- 
nomical to tap than to cast internal 
threads. Cast external threads usually 
require chasing, especially when the die 
is parted in a plane through the axis of 
the threaded portion. Die-castings are 
cast close to size, hence when machin- 
ing is necessary only light cuts are re- 
quired. Flats, slots, cross holes, spe- 
cially shaped contours, gear teeth, key- 
ways, splines and various projections 
which require from one to several extra 
operations in screw machine products 
are readily made in the die-casting. 
Certain odd shapes or contours can be 
produced in screw machine products, of 
course, by using rods or tubes drawn or 
extruded in special sections, as with 
flutes or gear teeth. Squares, hexes and 
other standard shapes of bars are often 








employed to avoid cutting flats. How. 
ever, the shaping or special contour 
must come at the maximum diameter of 
the piece; or if tubes with irregular 
holes be used, the shaping is at this 
hole and not at a larger diameter, 
These limitations do not apply to the 
die-casting. 

Die-castings can often combine in one 
piece features which would require two 
or more parts made partly or wholly on 
a screw machine. Holes of almost any 
shape whether axial or not, are readily 
cored in the die-casting; whereas holes 
in the screw machine product, unless 
formed in secondary operations, usually 
must be axial and circular. 

Screw machine products do not re. 
quire draft, such as is commonly needed 
on a die-casting, and can have undercuts 
in holes. Knurling of complete circum- 
ferences is not usually feasible on the 
die-casting unless it be done in a sup- 
plementary operation after casting or 
unless a straight knurl can be used 
with serrations parallel to the motion of 
the die part which forms them. 


[Editor s Note—Part II of this article, 
which will be presented in the July 
number, will discuss other factors that 
have a bearing upon choice as between 
die-castings and screw machine prod- 
ucts, such as dimensional accuracy, sur- 
face smoothness, appearance, produc- 
tion rates and costs. ] 


Table II—Properties of Materials Suitable for Die-Casting and for Screw Machine Products 











TENSILE YIELD 
STRENGTH POINT 
— —— ——————— REDUCTION HARDNESS 
In 1,000 LB. IN 1,000 LB. ELONGATION OF AREA BRINELL MACHINE- 
TYPE oF MATERIAL PER SQ. IN. PER SQ. IN. % IN 2 IN. PER CENT NUMBER ABILITY 
DIE-CASTING ALLOYS 
КИ НА CCE. RS GOGE a о E Sa — een 14-83 <xcellent 
Alienum Alloys. .......... coe eon 0596812222 — os ЕЮ " 60-80 Fair to Good 
Magnesium Alloys................... 30-33 17-22 1/630 | ...... 60—62 Excellent. 
Copper Alloys (Brass)................ 55-95 35-72 SOO hss 120-180 Poor to Good 
WROUGHT NON-FERROUS ALLOYS* 
O E. 38-55 16-27 2 ММТРО 7775 Excellent 
Other Brasses and Bronzes........... 54-55 24-70 MEB- "uns c s Io 
В неаб SUAE 32-35 10 ee ьа ыса 1 е оог 
Aluminum............ I3** ее ES - REG 23 Excellent 


COLD DRAWN ANNEALED STEELS 


Free Cutting Steels.................. 
Ne ee eee 
EEUU. i» ic vayas Rao AXE woo 
Nickel Chromium Steels.............. 


Molybdenum Steels.................. 
| ee 
Chrome-Vanadium Steels............. 
Oh Sc £ 


70-120 60—100 10-25 
10-120 60-100 10-25 
80-125 60-110 10-25 
85-110 70-100 12-20 
90-115 80-100 15-25 
90-115 70-100 12-25 
95-115 80-105 12-20 
65-90 35-55 25-60 


30-55 140-235 Good 
30-55 149-235 Fair 

35-60 170-235 Fair 

40—60 179-228 Fair 

40—60 183-228 Fair ] 
35-60 170-241 Poor to Fair 
35-60 179-228 Fair 

55-10 130-185 Fair 


—————— —M——— AÓÁ—n——Ó—————————————————sámá———À————s 


* Soft grades. 


Hard grades have higher physical 
** Commercially pure aluminum in soft grade. 


roperties. 


arder grades are stronger and machine freely. 


Wrought aluminum alloys in 


heat-treated form having tensile strengths up to 60,000 Ib. per sq. in. or above are available and some such are even freer machining than 


the commercially pure metal. 
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Cabinet for deWald radio and assembled housing for the Taylor Instrument Baroguide, both cast in Catalin 


CAST PHENOLICS 


Design Data 


N PREPARING to design a product 
consisting wholly or in part of 

plastic material, the engineer must 
investigate four important points. (1) 
The physical and chemical properties of 
the plastic—will it withstand the con- 
ditions to which it will be subjected, 
and for how long. (2) The design lim- 
itations of the plastic material, which 
relate somewhat to its physical prop- 
erties but which principally depend on 
production methods. (3) The economy 
of production, which takes into con- 
sideration the cost of tooling up. the 
time involved in tooling, and the quan- 
lity of parts to be obtained from the 
initial tooling. (4) The cost of the 
plastic product in relation to the market 
of similar products made of other ma- 
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and Fabrication Cost Analysis 


terials, considering what advantages the 
plastic product may have from the 
points of structural qualities, and ap- 
pearance. 

In many instances, it may be possible 
to sacrifice one or two strength con- 
siderations for appearance. From the 
standpoint of appearance, cast phenolic 
plastics are particularly important. 

Since no filler is used in the produc- 
tion of phenolic resins, they have great 
depth of color and richness of luster. 
As a further corollary, cast resins have 
good machining qualities thus permit- 
ting considerable flexibility of design 
and low initial set-up cost. 

When evaluating casting with com- 
molding, the 
following factors are important, 


pression and injection 


Initial 


tool costs on cast phenolic are consider: 
ably lower than on molding. Thus cast 
phenolic will often be economical on 
runs which compared to the average 
compression mold run, are relatively 
short—several thousand or less. This 
factor is important in the design of 
large parts such as pilasters, since as 
the size of a given part goes up. the 
cost of compression molds increases al- 
most zeometrically. On the other hand. 
cast phenolic parts may require more 
fabrication than molded parts, which 
generally only require removal of flash 
and a light buffing. A point in favor of 
cast phenolic is that standard forms 
are available for many parts, and thus 
initial tool cost can be eliminated. 
Unlike other plastic materials, cast 
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Cast phenolic, particularly attractive for translucent effects, as used for brush handles—materials are Catalin and Opalon 


Properties of Available Cast Phenolics 



































SPECIAL PURPOSE 


GENERAL i 
JENERAL CHEMICAL RESISTANT 


PURPOSE 
TRANSPARENT | 


GENERAL PURPOSE 
OPAQUE AND 
TRANSLUCENT 


TRANSPARENT | OPAQUE 


Spec ific Gravity. 1.30 1.30 1.24 | 1.70 
Tensile Strength, Ib. per sq. T i 3,500-5,000 3,500-5,000 5,000-7,000 | 6,000-9,000 
Flexural Strength, lb. per -dy DOW 7.000-9.000 3,000-7,000 9,000-14,000 | 10,500-12,000 


Impact Strength. Energy to break in ft. Ib. 14 in. 

sq. rod. Notched.. ..... addis T RERO dE 0.15-0.20 0.175-0.225 0.15-0.20 0.19-0.21 
A T N E ee 10-15 10-15 55-65 75-76 
Water Absorption in 48 hr. percent Room Tempera- 

ture... 0.5-2.0 0.015-0.60 0.4-0.6 0.4-0.6 
Brinell Hardness, 5mm. Ball. 20-30 15-20 35-10 | 35-10 
Dielectric Strength. Step. 0.125 in. thick. Volts} 

per mil TR ud — 175-200 275-300 120-112 
Power Factor 60 c vcles. ate 0.25-0.35 ).25-0.50 0.10-0. 15 | 0.07-0.071 


-8 | 30-31 
70-1 .0 2.07-2.20 


15 20 20-30 
DUE .5-8.0 10-16 


Dielectric Constant 60 cyc les.. 


Loss Factor 60 cycles... . | 


0.0057—0.0081 EFFECT OF ALKALI (Weak)—can be washed with soap and soap 
powders. Slowly softens when immersed in alkaline solutions, 
showing slight discoloration. 
EFFECT OF ALKALIS (trong) 
EFFECT OF ALCOHOLS—insoluble 
after long immersion. 

EFFECT OF MINERAL ANIMAL OR VEGETABLE OILS—none. 


WATER ABSORPTION after 8 days immersion 
grams per sq. in. of surface. 

WATER ABSORPTION after 80 days immersion 
per sq. in. of surface. 

SOFTENING RANGES—176 deg. F. to 212 deg. F. 
ErrEcT or Dnv HEaT—withstands up to 160 deg. F. with slight 
hardening and shrinkage. 


0.0132-0.02 grams 
slowly attacked. 
slight swelling in ethyl alcohol 


Errect or Moist Heat—withstands up to 160 deg. F. with Errect or Hor FLAMEs—chars but does not support combustion. 
slight hardening and shrinkage. SoLuBILITY—insoluble in water, organic solvents and acids. 
EFFECT oF AGEING (Indoors)—slight increase in hardness, Slightly soluble in alkalis. 

improves in electrical properties. TENDENCY TO CoLp FLow—none. 

EFFECT OF AGEING (Outdoors in sunlight, one year)—slight Opacity RANGE—opaque to transparent, all colors. 

increase in hardness, yellowing and fading of non-fast colors. Corons—innumerable. 

Mechanical and electrical properties not appreciably changed. FORMING QUALIFIES—good. 

EFFECT OF WATER (Cold)—none. MACHINING QUALITIES—excellent. 

ErrFEcT or WaTER (Hot)—withstands intermittent washing with LiGuT TRANSMISSION (1% in.—40 watt source)—70 to 92 percent. 
hot water. Slight deterioration after 100 hr. complete immersion. U. V. Transmission (2800-3200A)—18.3 percent. 


EFFECT OF StronG Acips—slowly attacked. INDEX ОЕ REFRACTION—1.46. 
нини а RUE RE SOEUR UU 


in vulcanizing or curing ovens where 
polymerization continues until fully 
cured castings having a Rockwell hard- 
ness of approximately plus B 50 to 100 
are produced. 

The castings are removed from the 


production steps to the finished casting. 

In the next production step, the mix- 
ture is subjected to a vacuum, and the 
water which is a product of the phenol- 
formaldehyde reaction, is drawn off. 
After the proper dyes are added to give 


phenolic resins are not supplied іп 
powder form and cannot be injection or 
compression molded to final form. 
Phenol and formaldehyde combined 
with a catalyst are processed in huge 
kettles under a vacuum. The basic in- 
The tempera 


gredients in liquid form are cooked 
starting a process of polymerization 
which continues throughout successive 


310 


color, the liquids are drawn from the 
bottom of the kettles and poured into 
Jead molds. The molds are then placed 





molds by air hammers. 
ture of the ovens is maintained at 8) 
deg. C. throughout the polymerization, 
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and no pressure is involved in the mold- 
ing at any point. However, the casting 
process is particularly interesting to the 
designer inasmuch as it sets the limita- 
tions within which he must work and 
affects production cost. 


Cast Phenolic Molds 


Three types of molds are employed 
in the production of phenol formal- 
dehyde cast resin material: straight 
draw molds; split molds; cored molds. 


Draw Motps. Approximately 90 per- 
cent of the phenolic castings produced 
are cured in straight draw molds. In 
this method, a steel dipping arbor or 
mandrel is machined to the specifica- 
tions of the finished casting and at- 
tached to a plate and handle. The 
mandrel is then dipped into a pot of 
molten lead which flows up the sides of 
the steel and which cools on removal 
from the pot. When stripped from the 
arbor, the open lead mold is ready for 
use. It is obvious that no under-cuts 


can be designed into a casting of this 
type. Flutes, scallops. beads and other 
design accessories may be incorporated 
in the castings, but they must run in the 
direction in which the castings are re- 






LL SUR 
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moved from the mold. Tubes, boxes, 
round rods and rods cabinets, pilasters 
and other large parts having profile 
shapes of all types may be produced in 
this manner. A taper of approximately 
0.0015 in. per in. is necessary in order 
to break the vacuum, reduce friction, 
and permit the casting to be removed 
from the mold. 

Because of this taper and because the 
castings are forcibly removed from the 
molds, there are certain minimum re- 
quirements for wall thickness. For 
large radio cabinets, box castings, long 
tubes, plate castings and similar items, 
the walls of the castings must Бе їв іп. 
thick. For small tubes, small boxes and 
other articles which can readily be re- 
moved from the molds, a 5/32 in. wall 
is required. In the case of small cast- 
ings, such as hollow bottle closures, 1 
in. walls will suffice. The taper in all 
cases is plus from these dimensions. 

Certain factors should be borne in 
mind when designing cast phenolic 
parts. Where large flat surfaces are re- 
quired, it is desirable to use mottled or 
marble-like colors, rejects will be re- 
duced since minor imperfections in 
color will not usually be discernible. 
Corners or edges should be given a 
slight radius. not only to facilitate the 





casting operation, but as a help in re- 
ducing machining time after the part 
has been withdrawn from the mold. 


Corep Mo tps. To obtain half-spherical 
hollow castings, pilasters with com- 
pound curves, and large castings with 
decorative faces, cored molds are used. 
In this case a dipping arbor is made to 
the outside specifications of the finished 
piece: if a half-spherical hollow casting 
is specified, the arbor and consequently 
the lead molds will have the dimensions 
of the periphery of the sphere. Into 
this mold, and properly centered 44 in. 
to 14 in. away from the lead, is placed 
a metal core, the outside dimensions of 
which are identical with the inside di- 
mensions required of the hollow sphere. 
Between the core and the lead mold 
liquid resin is poured for curing in the 
ovens. When the material reaches the 
proper hardness, the core is removed 
and the casting drawn from the lead 
mold. 

Although this production method per- 
mits a considerable latitude in design- 
ing, it is not recommended for units 
smaller than 4x4x4 in. The amount of 
handling per casting remains the same 
and the number of cores required re- 
mains the same, but the material over 





Emerson radio having mottled walnut Opalon cabinet and electric clock housing cast of coral-colored Opalon 








Radio cabinet of Bakelite cast resin; compression-molded urea grille is attached with 
vibration-proof fastenings; bezel and pointer are cellulose acetate 


which these costs are amortized drops 
to a quantity so low that the price per 
pound is prohibitive. No production 
quantity limitations are placed on this 
type of molding, and the cores may be 
used for an indefinitely large produc- 
tion. No taper is required on castings 
made in this manner, and the walls can 
be of any thickness above ;°,; inch. 

An important feature in this connec- 
tion is that walls can be made as thick 
as is consistent with the structural re- 
quirements of the product without fear 
of under-curing, defective castings, or 
distortion. However, there are virtually 
no limits to how large a casting may 
be; units 20 in. square and 12 in. deep 
are now included in regular produc- 
tion. Pilasters as long as 36 in. and 
having a periphery of 18 in. are like- 
wise standard production. 

The shrinkage factor is particularly 
important in designing castings of large 
size since it amounts to approximately 
] percent and can have a serious effect 
on the assembly unless the phenolic 
units are properly mounted and as- 
sembled. 

Where extremely long pieces, such as 
pilasters, are involved, the castings in 
final assembly should be suspended an^ 
fastened at either the top or the bottom, 
riding in grooves along the sides so 
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that expansion and contraction with 
temperature changes and any shrinkage 
will not set up stresses which result in 
cracking. 

It will be noted from the description 
of the cored molding process that it 
concerns open molds, i.e., the material 
is poured into the openings between 
the core and the lead mold. 


SPLIT Morps. In split-molding. the 
process involves two-piece molds closed 
at all points except for the gate into 
which the liquid resin is poured. Under- 
cut designs may be incorporated into 
articles produced by the split-mold 
method so long as the undercuts are not 
more than two-directional. It must be 
possible’ on opening the mold to draw 
each half away from the casting without 
incorporating under-cuts in the respec- 
tive half. 

In this case die-casting machines are 
used for production of the lead molds, 
the machines making one-half of the 
mold ata time, each of which interlocks 
with the opposite half of the neighboring 
mold. 

The successive sections are clamped 
together, liquid resin is poured into the 
gates, and the material is cured in the 
usual manner. Walls cannot be less 
than ys in. thick. To economically pro- 


duce the item there should not be more 
than ten to the pound. 

From the foregoing it will be seen 
that expensive tools are not necessary 
in the production of cast phenolic plas- 
tics. Dipping arbors vary from $90 to 
$375. depending on the size and 
intricacy of the design. Arbors and 
tools for producing cored castings vary 
in cost from $275 to $800, and tools 
for producing split-mold castings range 
between $250 and $550. 

On these rough castings, varying 
amounts of fabrication are necessary. 
From the split-mold castings the gate 
and the fin must be removed. From 
the cored mold and straight draw mold 
castings the flash which varies from 14 
to 7î in. at the open end of the mold 
must be machined off. 

Because of the machining qualities of 
cast phenolics, these operations can be 
performed with a minimum amount of 
expense. The flash is removed either 
with a bandsaw, an abrasive cut-off 
wheel, or a dry or wet grinding disk, 
depending on the application for which 
the casting is intended. It is then 
drilled and tapped for assembly о 
drilled for stapling. then routed, bev. 
eled, shaped, polished, and otherwise 
handled much the same as wood or 
metal, using substantially the same tools 
and equipment. 

Several methods of fastening the 
castings are available. Liquid phenolic 
cements are used in some assemblies, 
but machine screws, drive screws and 
self-tapping screws can also be used. 
It is not recommended that phenolic 
castings or sheets be joined to ma- 
terial having a different coefficient of 
expansion and contraction. For ex 
ample, a piece of phenolic sheet stock 
joined to plywood will crack should the 
plywood swell with the absorption of 
moisture. 

Colors available vary from water clear 
to jet black, in a wide variety of stock 
shapes, including round, square, octag: 
onal and hexagonal rods, cylinders. 
sheets and plates. Sheet material is 
available in any size up to 24x48 in. and 
in any thickness above 1% in. It can 
usually be obtained either polished or 
unpolished. 

An important feature of cast phenolic 
plastics is translucency, characteristic of 
practically all colors except the dark 
browns, blues, and blacks. Advantage is 
taken of this translucency in decorative 
pieces for fluorescent lighting fixtures, 
coin-operated phonographs, china hous- 
ings and in interior lighting effects. 


| The editors acknowledge the extensive 
cooperation of Catalin Corporation and 
the valuable suggestions submitted by 
Monsanto Chemical Company and the 
Bakelite Corporation. | 
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SHIMS FOR BEARINGS 


Selection and Applications of Various Types 


a necessity, since they provide quick 

and inexpensive means for adjust- 
ment of clearances. Thus, with split- 
sleeve bearings, the use of shims in as- 
sembly permits later adjustment for 
bearing and shaft wear, and also al- 
lows the user to adjust oil clearances 
as required by service conditions. Many 
engineers use shims in assemblies where 
non-aligning elements must be coupled, 
or for adjustment of ball bearings, 
roller bearings, and bevel gears. Out- 
standing examples wherein the use of 
shims speeds up production, through 
reduction of precision machining oper- 
ations and reduction of assembly time, 
may be found on pages 197-199 of 
April Propuct ENGINEERING. 

The simplest sleeve bearing adjust- 
ment shim is of flat metal, stamped to 
desired shape and having a thickness 
of either 0.002 or 0.003 in. The mate- 
rial is usually brass of the composition 
65 percent copper, 35 percent zinc; 
% to 34 hard. Standard thickness tol- 
erance on loose-leaf brass shims of 
0.002 and 0.003 in. thickness is plus 
or minus 0.0002 in. Steel shims are also 
available in special S.A.E. 1010 cold 
rolled stock; standard thickness toler- 
ance on steel shims is 0.00015 in. plus 
or minus. 

Loose-leaf shims, generally used in 
packs of two or more, are somewhat 
dificult to work with, since the correct 
number must be counted out for each 
assembly and the stack is difficult to 
keep in matched alignment during as- 
sembly operations. The hazard of dirt 
adhesion to the individual leaves is al- 
ways present. With laminated shims 
having two or more laminations or leaves 
bonded together in such a manner that 
individual leaves can be readily peeled 
off, these difficulties are eliminated. 
Smooth and flat surfaces remain. 

In the composite construction shown 
in Fig. 1, three basic leaf members are 
used. The upper member is a unit pack 
of brass laminations 0.002 or 0.003 in. 
thick, bonded together. The other two 
members may be either brass or steel, 
or one of each. An adjustment feature 
is provided by the laminations since 
9né or more can readily be peeled off 
as required. The thickness of this mem- 
ber cannot be less than 0.020 in., al- 
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, Top member... A unit pack of 
! 0.002 thick brass laminations 
bonded together 


center and bottom 
^1 members... Solid brass 
/ or steel, not laminated 
| 
І 


Anchorage for 
‘ babbitt inserts, 


Babbitt inserts. Stock provided so that these surfaces are finished in 
place when bearing is finished reamed or bored 





Fig. 1—Composite shim construction with babbitt insert facings at shaft contact sur- 
face (Laminated Shim Company) 


Table I—Commercial Tolerances for Laminated Shims 


(Courtesy Laminated Shim Company) 





NOMINAL TOTAL | 
THICKNESS-IN. 


NO. AND SIZE OF 
INDIVIDUAL LEAVES 


TOLERANCE ON 
ToraL THICKNESS-IN. 


0.004 | 2— 0.002 in. thick | _ +000025 

0.006 | 2— 0.003 in. thick | 0.00025 

0.006 3—0.002 іп. thick 4-0.00025/ —0.0005 
0.009 3—0.003 in. thick +0.00025/—0.0005 
0.008 4—0.002 in. thick +0.0006 

0.012 4—0. 003 in. thick +0.0006 

0.030 15—0.002 in. thick | — 20.002 

0.030 | 10—0.003 in. thick +0.002 








Table Il—Standard Tolerances on Total Thickness 


(Recommended Thickness of the Laminated Member) 


SHIM THICKNESS 
IN. (NOMINAL) 


STANDARD THI CKNESS—IN. 
TOLERANCE 


THICKNESS OF LAMINATED 
Lear MEMBERS—IN. 





+0.005 These tolerances 0.020 Individual lamina- 
—0.000 can be reduced| 0.032 tions may be either 
—0.000 but at increased| 0.032 0.002 or 0.003 in. 
+0.005 cost 0.047 thick. 





Nore: Shims of this construction can be built to a minimum thickness of 0.062 in. 
although 0.093 in. is preferred — as a minimum. The usual thicknesses are 0.062 in., 
0.093 in., 0.125 in, and 0.187 in., but thicknesses up to 0.500 in. are possible. 


313 








0 002 laminations 

bonded together 

in unitsg in. thick 
e 


In. 


Load in Lb. Per Sq 





--Bearings made with extra stock on height dimension 
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;-Q003 laminations bonded together) 
| in units gin. thick 


‚_(А// specimens /in.x lin. and, 
stacked to height of /in.) 


0010 0020 0,030 


Fig. 2 
the Laminated Shim Company 


though 0.032 in. is preferred to facili- 
tate manufacture. The three leaf mem- 
bers are locked together through bab- 
bitt inserts, an efficient and patented 
system of anchorages. Shims of this 
construction can be built to a minimum 
thickness of 0.062 in., although 0.093 
in. is preferred as a minimum. 

With all-brass or all-steel shims hav- 
ing a total thickness of ys in. or more, 
the space between the shaft and the 
edge of the shim is likely to be so large 
that an excessive amount of oil may be 
lost from the bearing by leakage. When 
this type of shim is brought close to 
the shaft, so as to reduce this leakage, 
there is danger that the shaft will rub 
the shim surface and become scored 
and ridged. The babbitt inserts should 
be made with a stock allowance for 
finishing off when the bearing is bored 
or reamed to size at assembly. The 
clearance between shaft and shim is 
thus the same as the bearing clearance 
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Cast babbitt inserts 


0.040 
Inches of Compression Per Inch 


Compression of laminated brass shims, as reported by 


0050 0060 Align bore 


Fig. 3 


affer assembly ^ 


and ater assembly the extended ends are faced oft 
to project 0.002 beyond housing surface 


- Shim, assembly 
ë thick 


Shim assembly 
extended between 
bearing shells 


Beoring cap? 





Shim assembly, V4 in. thick, provides clearance adjust. 


ment in this typical application to split-sleeve bearings 


and there is no danger of shaft damage. 

With this type of shim, there is little 
danger of harmfully reducing bearing 
oil clearance caused by shim compres- 
sion when the cap bolts are tightened. 
The laminated leaf member would be 
most likely to compress under load, be- 
cause of the bonding medium between 
the individual laminations. However, 
tests reported by the Laminated Shim 
Company, see Fig. 2, show that the 
compression is so small that it can be 
disregarded. 

A typical well-designed application 
of split-sleeve bearings in combination 
with shims for oil clearance adjustment 
is shown in Fig. 3. The fundamentals of 
this design, which may be made a gen- 
eral recommendation, are: bearings are 
align bored (or reamed) to size in 
place; bearings are made with extra 
stock on the height dimensions and 
after assembly the extended ends are 
faced off or fitted to project 0.002 in. 


0.032’ thickness of -+<- 
0.002 lamina ons] 


Obtains after 
align boring in 


place with 
bearing ie 


+ E rr 
70.125" 20:908" 
2 leoves 


Section A-A 





Fic. 4 —Composite babbitt-íaced shim assembly ( Laminated Shim Company) 
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beyond the housing and cap surfaces, 
The amount of stock allowed for fitting 
depends on the uniformity of the depth 
of the half bore in the housing and in 
the cap, and the method to be used in 
fitting, whether hand filing or milling. 
The 0.002 in. projection insures that the 
bearings will be tightly seated when the 
bolts are drawn down. 

The 1% in. thick shim assembly fol- 
lows the general construction shown in 
Fig. 4, and is built up with two leaves 
of èt in. thick brass, and one 0.032 in. 
unit pack made up of 0.002 in. brass 
laminations. Babbitt inserts are pro- 
vided at the shaft contact surface. As a 
further advantage the babbitt inserts 
are finished off when the bearings are 
bored, thus controlling oil leakage and 


affording protection to the shaft. Oil 
clearance can be reduced by peeling 
off one of the 0.002 in. thick lamina- 
tions, or if additional clearance is re- 
quired laminations can be added. 

The success of an assembly in which 
bearings are used with extended shims 
and ih which the height fitting opera- 
tion on the bearing parting faces is 
omitted, is problematical. It is easy to 
manufacture bearings to close height 
tolerances, but it is not easy to main- 
tain uniform heights of the half-bores 
in housings, rods or caps as at A апі В 
Fig. 5, since the half-bore height B may 
be, and frequently is, as much as 0.015 
in. greater than the complementary 
half-bore 4. As a consequence. several 
harmful conditions will result. The up- 
per bearing shell 1 will not be firmly 
seated, since a gap will exist at C be 
tween the parting faces of the bearings 
and the shim surface. Also, the lower 
shell 2 will extend an excess amount 
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into the shim space at D and the shim 
will be distorted and perhaps bent to 
the extent that the bearing will not be 
able to seat properly adjacent to the 
shim surfaces. 

When good back contact is not pro- 
vided for a bearing, heat flow away 
from the rubbed surface is seriously 
impeded or completely stopped off. An 
overheated bearing is a guarantee of 
short life. 

If housing and cap half-bore heights 
can be maintained uniform within 0.0005 
to 0.001 in., it is possible to eliminate 
the fitting operation on the parting faces 
in a bearing assembled with shims. 

The combination of precision insert 
bearings and a pack of thin shims—say 
0.006 to 0.009 in. thick, does not seem 
practical, since many precision insert 
bearings have comparatively light walls, 
and thin shims which extend between 
the shells are likely to have the ex- 
tended portions pinched off when the 
bolts are tightened. 

Of course, with precision insert bear- 
ings, it is not necessary to maintain 
extremely close uniformity in the half- 
bore heights of housing and cap. Be- 
cause of the difficulties in maintaining 
uniformity in these dimensions, the 
same objections prevail with respect to 
the use of extended shims with pre- 
cision insert bearings. 

With light-wall steel-backed  pre- 
cision-insert bearings, thin shims which 
extend only to the outside diameter of 
the bearing, Fig. 6, have been rather 
extensively used. If the rod or housing 
bore are finished to size with the final 
shims in place, the assembled bearings 
will have an inside diameter of the 
roundness and size intended and the oil 
clearance will be correct. If, however, 
the red or housing bores are sized with 
a “process” or “dummy” shim in place 
and the production shim is installed at 
assembly, the tolerances on shim thick- 


Thickness 
tolerance 
/ 0.00025 


Magnified 
section i 


Fig. 5—Bearings without stock on parting 
faces are not satisfactory with shims 


ness become a problem which affects 
the oil clearance. The bearing shown 
in Fig. 6 is intended to be used with a 
minimum of 0.0005 in. oil clearance. 
If three loose-leaf shims are used, the 
possible total thickness variation will 
be plus or minus 0.0006 in. If a unit 
pack of laminations is used thickness 
variation will be 0.00075 in. 

In a precision insert bearing installa- 
tion, the oil clearance is a function of 
the tolerances on housing bore, bear- 
ing wall thickness and shaft diameter. 
When shims are introduced, their thick- 
ness variation increases the possible 
spread between minimum and maximum 
oil clearance dimensions and usually 
requires checking every bearing for size 
in a pre-assembly operation and neces- 
sitates adjustments in the thickness of 
the shim pack, thus defeating the pur- 
pose of the precision insert bearing. 

When compensating for wear by re- 
moving a shim, another possible diffi- 
culty may arise. The height A, Fig. 6, of 
a pair of bearings is made slightly 
greater than the housing bore. If this 
height is too great, the bearing wall 
bulges into the clearance space when 
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Fig. 8—Precision insert bearings installed in a connecting rod originally designed for 


extended shims 
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0.009" thick shim pack 
(3-0.003" thick 
laminations) 


I 

‘Excessive crush causes bearing 
walls to bulge and distort in 
locations 





Fig. 6—Connecting rod bearing with thin 
shim packs which extend only to rear 





Fig. 7—Excessive crush caused bearing 
wall distortion, shown by dark area A. 
Shaft was in contact with bearing in this 
area only 


the bolts are tightened at points B 
Fig. 6, creating high-pressure areas the 
full length of the bearing. A condi- 
tion of this sort is shown in Fig. 7. 
Since the total load is carried on a 
small area of the bearing, premature 
failure will occur in area A. 

When a shim is removed, bearing 
“crush” is increased. If the reduction 
in the bearing dimension vertically is 
greater than the amount of bulge, 
probably no trouble will result. Con- 
versely, if the bulge at any point adja- 
cent to the parting is greater, then 
premature failure within the area af- 
fected can be expected. 

In the construction shown in Fig. 8, 
a precision insert bearing is used in a 
connecting rod originally built to use 
extended shims. The bearings are full 
halves. The original shim space in the 
rod is taken up by solid steel spacers 
which extend only to the back surface 
of the bearing. Although the adjustment 
feature is eliminated, this construction 
makes possible emergency replacement 
of bearings with a minimum of delay. 

Extended shims also serve the use- 
ful function of locking bearings against 
rotative movement. Sometimes the force 
applied is so great that the parting 
faces of the bearing will imbed them- 
selves into the surface of an all-brass 
assembly, causing harmful distortion 
and deformation of the shim. 
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MetHops for fastening flexible ma- 
terials such as cloth, felt, sheet rubber, 
leather and insulating material include: 
sewing, adhesives, vulcanization with 
rubber, tacking, patented snap fasten- 
ers, screw fasteners, riveting, wire 
stitching, and crimping. Sketches on 
these pages show typical applications in 
upholstery, insulation, floor coverings, 
and for decorative or protective pur- 
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FIG. 2 — TACKING STRIPS 


FASTENING METHODS FOR 


poses in automobiles, radios, industrial 
machinery and other products. 
Although adhesives and sewing are 
by far the most popular methods, they 
are too commonplace to be given much 
attention here. For information cov- 


ering general types and properties of 
adhesives, see "Industrial Adhesives" 
by John L. Perkins, P.E. April 1939, p. 
135-136. 
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When using other methods, clinch the 
fastener over as large an area as pos- 
sible by using washers, grommets, eye- 
lets, or molding strips. Similarly, sharp 
corners should be avoided, particularly 
where the material is subject to tension 
or repeated flexures at the joint. Free 
edges should be protected to prevent 
fraying, curling, or catching on pointed 
objects. 
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FIG. 1 — FASTENINGS FOR CARPET AND INSULATION 
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Question and Commen 








Flexibility of Generated Gears 


W. F. PLUME, Assistant Chief Engineer 
Philadelphia Gear Works 


When gears are form-cut, the rigid 
rules governing pitch diameter and out- 
side diameter must be followed. The 
involute form is necessarily modified in 
these cutters to avoid interference and 
reduce undercutting. Ranges of teeth 
which can be cut are specified on each 
cutter, and in most cases the tooth form 
is a compromise. 

The outstanding advantage of gener- 
ated gears, besides the higher rate of 
production and improved accuracy. is 
that gears may be cut “oversize” or 
“undersize.” The term “long” and 
“short” addendum is also used. This 
means cutting standard-depth teeth in 
a gear blank which is larger or smaller 
than the standard outside diameter for 
that number of teeth. 

The flexibility therefore modifies the 
usual conception of gear terminology. 
Base pitch instead of circular or diame- 
tral pitch must be considered as the 
fixed property and the term “pitch 
diameter” must be used with discretion. 
In other words, the base circle diameter 
is fixed for any fixed number of teeth 
cut by a hob, regardless of the outside 
diameter of the gear blank. The pitch 
diameter is fixed only when a pair of 
The pinion pitch 
diameter, the point at which pure roll- 
ing action takes place, is equal to twice 
the center distance divided by the sum 
of the gear ratio plus one. The gear 
pitch diameter is tangent to the pinion 
pitch diameter. This holds true for 
standard gears as well as oversize or 
undersize gears. 

When a straight sided rack form is 
used in generated gears, undercutting 
takes place for low numbers of teeth. 
The main reason, then, for making a 
pinion oversize was to eliminate this un- 
desirable feature. At the same time 
other less apparent advantages were 
gained. The purpose of this discussion 
is to sum up the improvements and 
possibilities of non-standard generated 
gears as compared to "standard" gears. 

Fig. 1а shows the serious undercut re- 
sulting from hobbing a 12-tooth 1415- 
deg. full-depth pinion using a standard 
blank. Outside diameter equals 12 P, 


gears are in mesh. 
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plus two addendums. A form cutter 
would be somewhat better since the 
tooth flank is radial inside the base 
circle. Fig. lb shows a 12-tooth, 1415. 
deg. full depth pinion cut in an oversize 
blank. In this case, outside diameter is 
12 P, plus three addendum. 

It can be seen that the involute curve 
in (b) extends to a greater depth than 


(a) 
Standard 
Pinion 


bed 


(b) 


Oversize 


p circle | Pinion L 














Fig. 1—Comparison between standard 
and oversize 14\4-deg. hobbed pinion 


(o) 
Standard 
Pinion 





Г -Base circ/e 





(b) 


Oversize 
Pinion 


pm circle | | Д 





Fig. 2—Comparison between standard 


and oversize 20-deg. hobbed stub pinion 





in (a) and the base of the tooth is wider, 
thus increasing beam strength consider- 
ably. The average radius of curvature 
of the working surface of the tooth is 
greater, which increases surface dura- 
bility. 

Fig. 2a shows a generated standard 
12-tooth, 20-deg. stub pinion. A form- 
cut tooth would look very much the 
same. The stub tooth was originally in- 
troduced to reduce undercutting and in- 
crease beam strength. Fig. 2b shows an 
oversize 12-tooth, 20-deg. stub pinion. 
The oversize pinion has a much better 
tooth form. The involute curve extends 
to the bottom of the working depth. 
Both beam strength and surface durabil- 
ity are improved. 

Fig. 1 and Fig. 2 show very clearly 
the increase of beam strength for the 
oversize pinion. To get a better picture 
of what is termed surface durability, 
look at Fig. 3. For clarity, the tooth 
outlines are omitted and only the signifi- 
cant diameters and lines of action are 
shown. Two conditions are shown for a 
set of gears 12x88 teeth, 20-deg. stub 
on standard centers. Set A is cut with 
standard outside diameters; tooth con- 
tact takes place only along the line 
marked “LA-A,” which is the total 
length of the line of action, as shown 
in Fig. 3a. Set B is the same, except 
the pinion outside diameter is 12 P, 
plus 3 addendums and the gear outside 
diameter is 88 P, plus one addendum. 

The two lines of action are shown 
separately in 3b and 3c and contact 
conditions are illustrated at three points 
on each. In (b) point (1) is just past 
the start of tooth action for this stand- 
ard set. The small-tircle represents a 
cylinder with the same radius of curva- 
ture as the pinion tooth at that point 
in contact with an arc representing à 
large cylinder with the radius of curva: 
ture equal to that of the gear tooth. 
Points (2) and (3) show how rapidly 
the pinion *cylinder" increases in size 
as the contact point increases its dis- 
tance from the pinion base circle. 

Fig. 3c shows corresponding contact 
conditions of the "long and short 
addendum" set. The load carrying cà 
pacity of the larger pinion “rollers” is 
greater at all points of contact. 

Another improvement of set B over 
set A is the location of the angle of 
action. Note that in set A the angle of 
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Fig. 3—Significant diameters and lines of action of two sets of 
20-deg. stub gears mounted on standard centers. Pinion of one 
set is generated on oversize blank 


approach is slightly larger than the 
angle of recession. During approach 
rubbing action is toward the base of 
the teeth. During recession the rubbing 
is toward the tips of the teeth. The lat- 
ter action results in less noise and 
smoother operation. 

The discussion thus far has been con- 
cerned with the strength, durability and 
improved action of the oversize pinion 
as compared to the standard pinion. 
Now we will investigate the full mean- 
ing of the term flexibility as applied to 
generated gears. 

Suppose our machine requires a set 
of gears on 10-in. centers to give a ratio 
of 715 to 1. We could use 12 x 88 teeth, 
10 P,, 20 deg. stub as shown in Fig. 4a. 
The set would be made with long and 
short addendums as shown to give best 
performance. Standard gears would fit 
in for these conditions also, since for 
10 P, pitch diameter and centers are 
standard. 

Suppose, however, that the same ma- 
chine was to be designed with an exact 
ratio of 7-1/6 to 1. A tooth combination 
of 12 x 86 teeth will give the exact ratio, 
but on the 10-in. centers the diametral 
pitch will be 9.8. For form cut gears, 
special cutters would be required, add- 
ing their cost to the total cost of the 
gears. But, if the gears are generated, 
they may be cut with a standard 10 P, 
hob in oversize blanks. Fig. 4b shows 
the tooth form when the pinion is 
exactly the same as in Fig. 4a and the 
gear is cut in the same diameter blank 
asin (a). The base pitch is the same 
in (a) and (b), but the actual circular 
pitch and pressure angle is greater for 
(b) than for (a). 

These illustrations immediately sug- 
gest another possibility. Suppose a 
machine tool required three speed 
changes on 10-in. centers with ratios of 
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Fig. 4—Diagram of a gear set with standard pinion showing 
effect of interchanging gears which have different number of 


teeth but which are generated on same size blank 


74, 714 and 7-1/6. These exact ratios 
are possible in tooth combinations of 
12 x 88, 12 x 87, and 12 x 86 teeth. All 
three combinations may be had using 
the pinion illustrated in Fig. 4a or (b), 
changing only the gear. Thus the pinion 
may be cut integral with the drive shaft 
and only three change gears need be 
carried in stock. 

The flexibility of generated gears 
thus permits us first to use standard 
hobs where special pitches are required 
to get an exact ratio and second to 
change the ratio of an existing set of 
gears slightly by changing only the 
gear. 

When designing non-standard gear 
sets, certain limitations must be recog- 
nized. In the 12 x 88 tooth set it can be 
seen that the gear is not undercut, even 
though it is undersize. The pinion, how- 
ever, would be slightly undercut if made 
standard and seriously undercut if made 
undersize. A good rule to follow is to 
try to get the exact ratio using the 
standard total number of teeth. If this 
is not close enough, use less teeth. Too 
few teeth will result in pointed teeth 
and incomplete generation of the invo- 
lute at the tooth flank. Too many teeth 
for the pitch and centers will result in 
undercutting. When in doubt it is best 
to make tooth layouts of pinion and 
gear generated from a standard hob. 


Aircraft Welding Papers 
Eligible for Two Awards 
To the Editor: 


I have noted with interest the an- 
nouncement of the Summerill Tubing 
Company of the establishment of a 
series of prizes for papers to advance 
the art of welding of aircraft steels, in- 


cluding tubing and other steel parts for 
tubular assemblies. 

My purpose in writing you is to point 
out that papers submitted in the Sum- 
merill contest will also be eligible in 
the $200,000 Industrial Progress Award 
Program which is being sponsored by 
the James F. Lincoln Arc Welding 
Foundation, provided of course, that 
such papers comply with the Founda- 
tion's rules and conditions as regards 
subject matter and form. 

It is conceivable that a paper entered 
in the Summerill contest would be writ- 
ten in such a way as to be acceptable in 
the Lincoln Program. lf it is not accept- 
able as written, the author, by a few 
changes or additions, could make it 
conform to the Foundation require- 
ments. —Ep C. Powers 

James F. Lincoln Arc Welding 
Foundation 


Author Corrects His 
Stress Calculation 


To the Editor: 


Referring to page 242 of your May 
number and my article on “Composite 
Members, How to find the Stress in 
each Material,” there is one point where 
I can improve upon myself. 

Upon further study of Case II, which 
is that of a clad pressure vessel, I have 
found that this case requires a more 
specialized form of treatment than that 
given in the article. This case is quite 
similar to that of a hooped gun barrel 
differing only in that the two materials 
are not shrunk together. It is assumed 
that any initial stresses due to the clad- 
ding process are non-existent. Allowing 
for this assumption, in the case of a 
thin cylinder where the ratio of total 
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thickness to diameter is quite small, the 
derivation will take the following form: 
Г = рг = f, + 7,; T, = pw; and 
Т, = (p—p:)r very nearly, 

where p; is an intermediate pressure 
acting upon both parts conversely 
along the junction of the two. It is 
produced by the inner cylinder ex- 
panding first under the pressure p and 
has a magnitude wholly dependent upon 


the ratio of the respective E’s and 
thicknesses. 


Sie = sh and Soe = A 
tı ty 


е = €z = $ьЁ, = $ьЁ» 
from which is derived 
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— WILLIAM I. POWELL 
City of New York 
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T = 19,000 X ; 4- 15,000 X = 10,1751Ь. 


Test Data Shows Effect 
Of Water on PVA 


To the Editor: 


I appreciate very much Mr. Peierls' 
comments (P.E. May, p. 262) on my 
paper, “Properties of Synthetic Rubber- 
Like Materials,” and the information he 
revealed concerning the industrial ap- 
plications of Resistoflex PVA. As he 
points out, the term “resistance” is a 
relative term. If an application can 
withstand swelling without loss of eff- 
ciency, then resistance as measured by 
loss of tensile strength should be per- 
missible. On the other hand, if the 
application is adversely affected by 
swelling, then the percent of swell 
should be a measure of the resistance. 

In connection with the stated limita- 
tions of polyvinyl alcohol with respect 
to water, in my opinion designers of 
equipment should be acquainted with 


320 


this situation, though I am in accord 
with Mr. Peierls that if the amount of 
water present is of little consequence, 
and the serviceability is not affected, 
PVA should be acceptable. However, 
the dependence of the strength of the 
resin upon water can be shown by the 
following test data, taken at 70 deg. F.: 


PVA conditioned 
for 96 hours in 
atmosphere of: 


Shear strength 
lb. per sq. in. 


e AN EPE E O 
3095 humidity .......... 5,700 
75% humidity .......... 2,600 
Immersed in water ...... Dissolved 


—Joun DELMONTE 


Drag-Link Mechanism 
Simple in Construction 


To the Editor: 

The linkage treated in the article 
“Drag-Link Mechanism,” by Albert 
Shields and Ernest Rosmarin, which 
appeared in the March number of 
Propuct ENGINEERING, page 113, is in- 
deed interesting for its mechanical sim- 
plicity. Even if, dynamically, the mech- 
anism is not of the best, it has been 
used successfully in important applica- 
tions where usually the maximum (or 
minimum) speed portion of the cycle is 
utilized, it being immaterial how the 
maximum (or minimum) speed is ap- 
proached. Because of the simplicity of 
its construction, it is possible that the 
mechanism will find wider application 
in the future. 

For the particular case p = 1, the 
writer has worked out the following 
relatively simple method of computa- 
tion, which might be useful in cases 
where the speed ratios in the whole 
cycle are to be plotted. 

Referring to the accompanying dia- 
gram, let 6, be the angular displacement 
of the driving crank, and 6, the angular 
displacement of the driven crank. Let 
28 be the angle included by the cranks, 
and a the angle that the bisector of 26 











makes with the line of crank centers, 


Then 


cos 28 — M 
2 n sin 8 





sina = 


мһеге М = 16 (2 +  — m), a con- 
stant. Now, by means of the above ex- 
pession different values for a may be 
calculated by assuming arbitrary values 
for B; and the corresponding angular 
displacements of the cranks will be 
Ө, a + 6 
ө, a — 8 
The range of variation of Q is from 
Buin to Bmax these limits being deter. 
mined by the equations 
зїп б = y2 (m — n) 
sin Bmax = %4 (m + n) 
The second equation corresponds to the 
position of the linkage in which the 
cranks are crossed. The speed ratios 
corresponding to the angular displace- 


ments 0, and 6, as found above may 
now be computed as follows 


| _ wa _ nsin 6 + зіп (01 — 6) 
8 - = n sin 0» + sin (8, - 62) 


Q1 


Clearly, the speed ratios may now be 
plotted in terms of either 6; or 6, alone. 
—J. J. PESQUEIRA 
New York, N. Y. 


Aircraft Man Comments 
On “Castings & Forgings” 


To the Editor: 

May I call attention to the two articles 
in Propuct ENGINEERING by Dr. Ernest 
Geiger, namely, the one pertaining to 
Castings and Forgings, the other to 
Machining. I heartily disagree with the 
former article (P.E., Feb. 1941, p. 
72-73) and commend the latter. 

Isn’t it true that the examples shown 
can neither be labeled right nor wrong, 
without first knowing the specific pur- 
pose of each? I am taking exception to 
the following sketches for the reasons 
enumerated below. 

Fig. 2: It is my opinion that this 
piece could be placed flat in the mold 
in such a way that a straight or curved 
surface would make little or no differ 
ence to the pattern-maker or to the 
foundry-man. Of course, in this case 
the parting line would be placed on 
the periphery. 

Fig. 3: Stress concentrations built up 
in the thin-walled section of the coun- 
terbore would, I am sure, preclude the 
possibility of ever obtaining ultimate 
stress. Secondly, a boss would be 4 
much more desirable type of structure 
from a cost angle; spot-facing a boss 
is much less costly than machining 
counterbore. Last, but not least, in 
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these days when speed is paramount, 
spot-facing would be the only answer. 

Fig. 4: Although the basic idea is 
good, I take exception to the statement 
that bosses are incorrect. In aircraft 
and other allied industries, designers 
must be cognizant of the fact that there 
is such a thing as weight-saving. Bosses 
again are the answer. 

Fig. 12: The basic idea is well taken, 
but why the bosses? It is not always 
wise to vent cavities in castings. I have 
designed many castings where vents 
were impractical if left open, due to the 
fact that moisture collecting in the 
casting would cause corrosion. 

Fig. 14: It is my opinion that neither 
pattern-makers nor foundry-men would 
encounter any difficulty in making either 
part. However, since cost and speed 
represent dollars and cents in National 
Defense, the suggested design would 
probably not be tolerated in any air- 
craft manufacturing plant because it 
would require costly engineering time 
to make two additional drawings, one 
for the stamping and one for the assem- 
bly of the two. Additional costs would 
include those of making the die for the 
stamping, the machining of the casting 
to receive the stamping, to say nothing 
of the assembly cost. In a contract of 
one thousand airplanes such assembly 
would require the stocking of one thou- 


sand stampings, which in itself is a 


cost no aircraft manufacturer would 
tolerate. 

Fig. 16: I believe just the reverse. 
The part which is labeled as “wrong” 
is the easier of the two to make be- 
cause in cutting the male and female 
dies, concentric machining is used, 
whereas the other would require the ma- 
chining of two parallel sides to the 
tangent point of the small radii. Both 
examples shown would be forged flat. 

Fig. 17: Once again this is an ex- 
ample where no one can say one method 
is right and the other is wrong. The 
method employed is entirely contingent 
upon the length of the finished part. 
I for one would certainly not swage 


18 in. or 19 in. of metal in order to get 
a l-in. head, when upsetting is simpler 
and cheaper. 

Fig. 18: I cannot agree that it is at 
all difficult to forge collars such as 
shown in the example labeled “wrong.” 
To make a part such as described as 
“right” would necessitate the very ex- 
pensive operation of machining a col- 
lar to exceptionally close tolerances 
from bar stock, turning down the smali 
shoulder to equally close tolerances and 
then sweating one to the other, an oper- 
ation which is discouraged by both the 
aircraft branches of the Army and 
Navy. —Wm. J. CUSHING 

Hollywood, Calif. 


Can You Work This One? 


Solution to May problem— 


Did Tilden Win This One? 


In a tennis tournament held at For- 
est Hills, Richards, Cochet, Hunter, 
Tilden and Johnson were participating. 
The easiest way to find out who won 
from the six conditions given is to set 
up the names of the players across a 
sheet and the order of finishing down 


the side. Then, by checking off each 
possibility as it is eliminated from an 


examination of the conditions, it is 
found that the order was: Tilden, Rich- 
ards, Hunter, Cochet and Johnson. 


This month's problem— 


Call for Mr. Archimedes! 


A large ice cube is floating in a glass 
just full of water. If the cube is just 
allowed to melt, will the glass run 
over, have less in it, or be at exactly 
the same level as before? 





CASE HISTORIES IN PATENT LAW 


(Epiror’s Note: The purpose of these 
Case Histories is to give a better under- 
standing of the patent law in the public 
interest. The author advises that actual 
cases should be submitted to your own 
patent attorney.) 


No. 21 


Question: What is the effect of war 
work on filing of patent applications? 


Answer: Many persons have the im- 
pression that the rule requiring the 
filing of your patent application within 
a year from the date of its first public 
use or sale, or offer to sell, is superseded 
when the inventor is too busy to file 
his application because he is engaged in 
war work. Our Government is accept- 
ing no excuses for such a delay. 

During the World War, likewise, no 
excuse of this sort was recognized. 

In the case of reissue applications, 
our Government did recognize that a 
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delay in applying for a reissue, caused 
by war work, was a satisfactory excuse. 
It also joined foreign nations by new 
legislation in extending the period dur- 
ing which applications could be filed in 
the United States and abroad, where 
Nationals of the respective countries 
were legitimately prevented from send- 
ing their papers out of their country to 
the United States Patent Office. But no 
such excuse exists for citizens of this 
country. 

It is interesting to note that a number 
of foreign countries in which taxes have 
to be paid each year in order to keep 
your patent in force, are passing laws 
permitting foreigners to delay their pay- 
ments until these countries become more 
accessible. In the United States we do 
not require any taxes to be paid, so this 
rule does not apply. In some countries 
like Canada, there are very strict regu- 
lations requiring that the nationality 
and origin, as well as ownership of 
applications for Letters Patent which 


are being applied for, be made known 
to the Canadian Patent Office. 

Here again this country has imposed 
no regulations except through its Ex- 
port Control. Our country will not per- 
mit you to send abroad any information 
on a long list of technical subjects, 
ranging all the way from the making of 
gasoline to the composition of certain 
alloys, unless you first secure an Export 
License. Even amendments to existing 
patent applications, if they contain new 
subject matter, cannot be sent abroad 
without securing such a license; and if 
this rule is violated, the penalty is a 
very heavy one. This is to prevent the 
bootlegging to foreign countries of valu- 
able American ideas. Additional legis- 
lation is pending in Congress looking to 
the maintenance of valuable wartime 
inventions on the Secret List and also 
directed to preventing any industry 
from .béing enjoined under a patent 
from making wartime materials for the 
benefit of the Government. 
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Raw Materials Shortage May Curb 


Expansion of Plastics Industry 


HEN OPM REQUESTED that plastics 

be substituted for strategic metals, 
it appeared that the plastics industry 
would receive a tremendous boost. But, 
according to Chemical & Metallurgical 
Engineering for May. an enormous 
expansion may not be immediately 
possible. Reason: shortages of raw 
materials. 

The most serious situation exists in 
supplies of methanol, from which for- 
maldehyde is derived. Formaldehyde, 
which accounts for about 20 percent of 
methanol output, is one of the basic ma- 
terials for phenolic and urea resins— 
the plastics most in demand as replace- 
ment materials. 

Methanol production at present is de- 
creasing rather than increasing in step 
with the plastics industry. Methanol- 
producing equipment is being converted 
to the production of ammonia needed 
in abnormal amounts for nitric acid. 
Difficulties in securing equipment for 
ammonia production may necessitate 
more change-overs, whereupon the sup- 


300 engineers and draftsmen work 


in this air-conditioned, acoustically 
treated drafting room of Westinghouse's 
new Lester, Pa., office building. Cover- 
ing entire 300 x 120-ft. second floor, it 
has glass-brick windows with "islands" 
of clear glass to prevent feeling of 
claustrophobia. Continuous-strip fluores- 
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ply of methanol for formaldehyde and 
other uses will not be sufficient. Scar- 
city of formaldehyde and methanol has 
already been reported. A big use for 
methanol is in anti-freeze for auto- 
mobiles. 

As for phenol, the other basic mate- 
rial needed for phenolic resins, demand 
is running ahead of supply, and pro- 
ductive activities must be expanded. 
It has been estimated that 95,000,000 
lb. will be required for all purposes this 
year; production for 1940 was esti- 
mated at 75,000,000 Ib. 

Urea is now a domestic problem, 
since importations have fallen off. Am- 
monia is one of the essential materials 
required for urea and the uncertainty 
surrounding future ammonia supplies 
is equally applicable to urea. 

Two other raw materials where short- 
ages might occur are cotton linters and 
nitric acid. The supply of cotton linters 
is not enough for plastics, rayon and 
smokeless powder. Powder plants are 
being urged to substitute wood-pulp 





cents provide an average of 50 ft.-can- 
dles on drawing boards. A lake 2 in. 
deep on roof will lessen load on air 
cooling unit during summer; air is 
electro-statically cleaned. A dumb- 
waiter saves steps between this room 
and fireproof tracing vault and blue- 
print room located downstairs. 





Summaries 


alpha cellulose. Nitric acid is needed 
for explosives. 

If the shortage of plastics becomes 
acute, some form of distribution control 
must be adopted. There are two angles 
to this situation. First, the strategic im- 
portance of plastics must be compared 
with other industries using the same 
raw materials. Secondly, the plastics 
produced must be distributed according 
to the defense importance of their uses. 

Although the plastics industry will 
undoubtedly expand considerably dur- 
ing the present emergency, the leash 
will not be off until raw materials 
diverted from war chemicals become 
plentiful for use in plastics. But the im- 
petus for this expected expansion is 
gathering now while new uses for plas- 
tics are becoming firmly established. 


Inventories Subject To 


Simple but Rigid Control 


INVENTORY control of a new form, de. 
signed to prevent the accumulation of 
excess stocks and supplies, is being 
applied at once to virtually all metals, 
E. R. Stettinius, Jr., announced early 





Teeth of this bronze punch press 
drive pinion have worn to half their 
original thickness, yet the pinion was 
giving good service in medium heavy 
automotive stamping operations when 
removed, according to its user. Drive 
was from 5-hp. motor at 900 r.p.m. 
through — 18:1 reduction. Pinion, 
mounted on Torflex rubber bearing 
outlasted six fiber pinions, was quieter 
than steel. 
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First Tanks Delivered 
By Three Manufacturers 


LATE IN APRIL, three private concerns 
(American Locomotive, Chrysler, Bald- 
win) turned over to Army their first- 
made 28-ton tanks. These were pilot 
models; line production will get under 
way as soon as facilities are complete. 
Chrysler is working on an order for 
1.000: American Locomotive will make 
685. Figures indicate that medium 
tanks turned out by August may total 
100: several hundred should be deliv- 
ered this year. 

The M-3 combat tank shown (right), 
18 ft. long and 8 ft. high, has more 
than 14,000 parts, some of which re- 
quire over 20 machining operations. It 
can cruise at 32 m.p.h.; carries eight 
.30-cal. machine guns, one .37-mm. can- 
non and one 75-mm. cannon. 

This speedy ponderosity is driven by 
a fan-cooled engine of 400-plus hp., 
through clutch, propeller shaft, con- 
stant mesh mechanical transmission, 
differential, and final drive gears to 
sprockets at front. Design of cooling 


fan, incidentally, presented a_ tricky 
problem. Steering is accomplished by 
hydraulic braking. Tracks are of forged 
steel sections to which are vulcanized 





rubber blocks. Link bearings operate 
in rubber bushings. Weight of tank is 
carried by six flexible suspensions, each 
supported by two rubber-tired wheels. 





last month from OPM. The plan, he 
stated, was made necessary by “over- 
buying for unnecessary inventories.” It 
is part of a coordinated program which 
for the first time reaches down into all 
sections of industry. 

The control is simple. It provides 
that shipments of the metals affected 
may not be made to customers in 
amounts which would increase the cus- 
tomers’ inventories to unnecessary lev- 
els. Specifically, after the 10th day of 
each month, commencing June 10, 1941, 
no supplier shall make any delivery to 
any customer unless the customer pro- 
vde a sworn statement covering in- 
ventories received during the preceding 
calendar month. The supplier must 
likewise make affidavits to OPM. Forms 
lor these statements have been recom- 
mended, and are in suppliers' hands. 

Scope: Virtually all metals are 
affected. The list includes antimony, 
cadmium, chromium, cobalt, copper, 
ferrous alloys of all types, iridium, iron 
and steel products, lead, manganese, 
mercury, molybdenum, non-ferrous al- 
loys, tin, vanadium. Scrap is included. 

Limitations: The plan applies to and 
is limited to the inventory situation. It 
does not constitute mandatory, industry- 
vide allocation such as already has been 
Imposed on aluminum, magnesium, 


nickel, ferro-tungsten, machine tools, 
and Neoprene. 

Next step in the coordinated program 
Vill be distribution to all industries of 
Questionnaires covering all inventory 
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data. After that will come the withhold- 
ing of supplies from any users whose 
inventories are excessive. The Division 
of Priorities is working on plans for a 
field staff which will soon make spot 
checks of inventories. 

Emphasis has been placed by Mr. 
Stettinius on the fact that “no real ad- 
vantage can be gained by the building 
up of excess inventories, because such 
situations will be corrected. 





These transformers have equal ca- 


pacity, but the one insulated with 
Fiberglas (right) is considerably 


smaller and lighter. Quietly and un- 


Do You Know That— 


HOLLOW-BLADED STEEL propellers for 
military aircraft will go into produc- 
tion soon. They are lighter and less 
subject to pitting. (48) 


IN TESTING an airplane wing of 100 
ft. span, the deflection at the tip of 
the loaded wing often is 60 in. (49) 


E 


obtrusively this evolution is reaching 
all types of electrical equipment re- 
quiring Class B insulation, from tiny 
10-watt to giant 40,000-hp. motors. 
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Washington's best talking subject 
in the design engineering line as we 
write, is the confidential report of the 
National Advisory Committee for Aero- 
nautics on flight characteristics of the 
Douglas DC-3 transport plane. This re- 
port came to light in the current Sena- 
torial investigation of airline accidents. 
In 1937, NACA was testing low-wing, 
twin-engine types of planes, civil and 
military. The DC-3 was new and in- 
teresting. МАСА asked United Air 
Lines for a plane and pilot, which were 
cheerfully given. The ship was tested 
for five days, and a motion picture was 
made of the behavior of silk tufts at- 
tached to the wing as it approached and 
went into the stall. Report and picture 
were submitted at once to airlines and 
government agencies. 


A clean bill of health was given by 
NACA to the ship for power-off per- 
formance, but with power on it was pro- 
nounced unsatisfactory. To what extent 
the DC-3 operators submitted the data 
to their pilots, or what other action they 
took, could not be learned prior to their 
testimony before Congress. But mean- 
while, at least three major lines and the 
Douglas Company, have taken issue 
with the test methods and ‘findings of 
NACA, whose technological rating in 
Washington is top. The Civil Aero- 
nautics Board and the Airline Pilots 
Association were tacitly in agreement 


with NACA. 


The controversy started when 
NACA submitted its “confidential” re- 
port, which the Committee immediately 
put in the public record. Discussion will 
center around possibility that the power- 
on stalling characteristics of the DC-3 
figured in some of the accidents. Or- 
dinarily, when a plane approaches a 
power stall, there is severe buffeting on 
the tail members, and the controls go 
soft. NACA says this warning is se- 
riously lacking in the DC-3. 


Tank design requires more precision 
work than manufacturers expected when 
they made contracts. Rail car manu- 
facturers, for instance, found that tanks, 
subjected as they are to the full shock 
of their own weight, take a much worse 
beating than cars rolling on steel rails. 
And, the tough metals used call for 
difficult tool work. But withal, the rail 
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equipment makers, with their experi- 
ence in big castings, forgings, and 
pressings, are best fitted for the job. 


Tanks are really designed for 
light weight—considering the job they 
have to do. In Panzer warfare, speed 
and maneuverability are of major im- 
portance, and weight curtails both. In 
fact, the Army is considering seriously 
whether to go ahead with its “heavy” 
50-ton tank for just that reason. Bald- 
win Locomotive has an educational or- 
der, and the project will be thoroughly 
tried out. Thickest armor on the 25-ton 
medium tank, is about two inches. This 
will stop all rifle and machine gun 
projectiles and shells from 37-mm. guns. 


New features being incorporated and 
developed in the Army’s tanks are in- 
direct visual devices, periscopic sights, 
special padding to protect the crew, 
cold weather starting, power turrets, 
electrically controlled guns. Design 
change will be continuous as it is in 
aircraft. It is recalled that Americans 
invented the caterpillar tank, and the 
British developed the slow, lumbering 
tank of the last war. It seems probable 
that the tank will become the equivalent 
on land of the battleship at sea and the 
bombing plane in the air. 


The reason why aircooled aircraft 
engines are used in tanks is explained 
to Propuct ENGINEERING by an Ord- 
nance officer: for a high power-weight 
ratio; because they require small hori- 
zontal space; because they use no 
water, which is sometimes unavailable 
or strategically unobtainable; because 
a ruptured liquid-cooling system would 
cripple the tank. Three types of en- 
gines are being used now: The Wright 
450 hp. the Continental, and the 
Guiberson diesel—all radials. 


Bomb resisting structure is being 
studied by the War Department. Find- 
ings thus far have been released in a 
booklet (Government Printing Office, 25 
cents) for state, municipal and private 
engineers. It is not suggested that pro- 
tection be built now, but only that re- 
sponsible persons inform themselves. 
The booklet gives what little is known 
about the behavior of exploding bombs, 
suggests factors in bomb-resistance 
buildings, and discusses air raid shel. 


ters. It says the walls of important 
buildings should be 12 inches thick to 
resist bomb fragments; five inches of 
concrete on the roof will stop incendi. 
ary bombs of the ordinary types. 


Douglas flush riveting process 
has been released for free use of any 
airplane manufacturer who wants it. 
This may result in standardization of 
riveting processes, of which there are 
now several in use by various plants, all 
restricted under patents. The Air Corps 
is well pleased with the Douglas move, 
Standardization would save much labor 
time, would simplify tool procurement, 
and might simplify maintenance. Heat 
treating, used in aluminum riveting, is 
a tricky business. 


A new steel helmet, similar to that 
used by the Germans, is being tested 
by the Army. It probably will be stand. 
ardized. Principal changes are more 
protection for the sides of the head and 
back of the neck. This is accomplished 
without impairing movement of the 
head in aiming rifle from a prone posi- 
tion. The helmet weighs 2% lb.—3 oz 
more than the present type. It is made 
of tougher steel, and is calculated to de. 
flect spent machine gun bullets, shrap- 
nel, and shell splinters, which cause 60 
to 80 percent of wounds. About 12 per 
cent of all wounds are received in the 


head. 


About half of the 212 merchant 
ships authorized recently by the Pres 
dent to be contracted by the Maritime 
Commission for Britain, will be of the 
“pointed box” type, and the other half 
will be of the standard cargo “C” de- 
sign. The policy of the Government is 
to build only as many “box” or emer- 
gency ships as are absolutely neces 
sary in view of the need for speed 
Standard “C” ships are more desirable 
because: (1) They are faster and are 
worth about 11% of the box ships in 
service; (2) World War experience 
taught us that emergency ships can! 
compete on trade routes in peace time. 
and if they must compete, the subsidy 
cost is high; (3) “C” designs are not 
so slow in building as one might think 
because materials, design, methods. all 
were thoroughly standardized throug 
the Commission's educational contract 
before the emergency. 
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Automatic Lubricator 


This simple mechanical lubricator 
which operates only when the machine 
is operating, is fastened to the machine 
where a moving part is to be lubricated. 
Friction contact of the rotating attach- 
ment on the lubricator with the re- 
volving surfaces of any shaft furnishes 
the means of starting and stopping the 
flow of the oil. Rate of feed of oil can 
easily be regulated between 1 drop in 
10 min. and 10 drops in 1 min. It 





does not rely on gravity feed. The 
automatic lubricator has a visible oil 
container holding enough oil for a 
week or more of operation. It is de- 
signed to handle light, heavy or medium 
viscosity oil, is compact in construc- 
tion, neat in appearance, and inexpen- 
sive to buy and operate. Leiman Bros. 
Inc, 101-FF-7, Christie St., Newark, 
N. J. 


Accurate Splines 


Splines on automotive propeller 
shafts are now being produced in large 
sale production by a new process 
which consists of an adaptation of the 
"erossed-axis shaving" process exten- 
sively used in producing accurate gears. 
Equivalent accuracy of the female end 
of the propeller shaft is obtained 
through the use of high precision 
broaches. To permit the use of this 
lype of equipment, the splines are 
actually developed involute teeth. In 
addition to permitting the use of the 
ctossed-axis gear shaving process, the 
tooth design provides a stronger as- 
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sembly, since the increased width at 
the root of the teeth increases resist- 
ance to shear and the increased contact 
area increases the life of the splines. 
Furthermore, if wear does occur, noise 
will be minimized, since any relative 
movement will be largely in the form 
of a rolling action, as with involute 
gearing. Universal Products Corp., 


Detroit, Mich. 


Crimped Designs in 
Pre-Finished Metals 


One of the two new crimp designs 
in American bonded pre-finished metals 
is termed a *7/16-in. crimp,” and is 
available in horizontal, diagonal, 
square, and diamond patterns in a 
variety of metal thicknesses. Sheet 
sizes up to 24 x 36 in. are available in 
most patterns. The second design, 
termed an “oval crimp,” is introduced 
in two widths—i and 3/16 in. in 


long, continuous coils, and in gages 


Both 


ranging from 0.01 to 0.015 in. 











crimps are offered in bright or satin 
finishes of nickel, brass, chromium, or 
copper electro-bonded to basic metals 
of steel, zinc, or brass. American 


Nickeloid Co., Peru, Ill. 


Aircraft Motor 


This new fractional horsepower ex- 
plosion-proof aircraft motor meets the 
requirements of U. S. Air Corps speci- 
fications 32159 and 32160 Class “C,” 
Style IV. It has a 1/30-hp. rating at 
7,500 r.p.m., and is built for continuous 
duty, 12 or 24-volt operation. The 
E2X motor is outstanding for its com- 
pact construction, having an overall 
length of but 4$ in. and weighing but 





2 lb. 2 oz. The case is made of mag- 
nesium to minimize the weight. It 
can be either series or shunt wound. 
Another motor of this series, the A2X 
is the same as the E2X, except that it is 
larger, developing 1/15 hp. The Dun- 
more Co., 14th and Racine Sts. Racine, 


Wis. 


Black Coating for Zinc 


An immersion process for the black- 
ening of.zinc and zinc alloys, called 
*Ebonol Z" consists of immersing the 
zinc or alloy in a 1-lb.-per-gal. solu- 
tion of Ebonol Z salts at a temperature 
of from 150 to 212 deg. F. An 
adherent, jet black finish is formed in 
from 1 to 5 min. The bath is not 
critical and requires little control. Un- 
like painted or enameled coatings, this 
coating does not change the thickness 
of the piece more than a few hundred 
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thousands of an inch; thus close 
dimensions can be maintained. The 
solution can also be used for produc- 
ing a black coating on stainless steel. 
nickel silver, nickel and the noble 
metals, by making a couple with these 
metals and a piece of zinc. The En- 
thone Co., 442 Elm St., New Haven, 


Conn. 


Fractional-Hp. Motor 


Built specifically to meet the require- 
ments of machine tools and other in- 
dustrial applications where frequent 
start-stop service, plugging, and metal- 
dust atmospheres are encountered, this 
fractional-horsepower motor is avail- 


able in 1-, 1/3-, 1-, and j-hp. sizes for 





operation on 3-phase a.c. and d.c. sys- 
tems, Of totally inclosed construction. 
it has a sturdy cast iron base, closely 
machined end-shield and stator rab- 
bets, tough Formex wire windings, 
ball bearings, a one-piece indestruct- 
ible cast-aluminum rotor, and firmly 
anchored windings. General Electric 
Co., Schenectady, N. Y. 


Microswitch Relay 


This inexpensive relay is sensitive, 
with easy acting contacts designed for 
handling loads up to 10 amp. a.c, 
with small controlling current. They 








are recommended for locations subject 
to sudden jarring, vibration, or tilting. 
The relay, known as the Autelco Jr. 
Microswitch Relay, is furnished with 
one or two microswitches, each with 
make. break. or break-make contacts. 
Can also be supplied with one break- 
make microswitch and one break-make 
spring assembly with code No. 2, No. 
4. or laminated silver contacts. Maxi- 
mum operating voltage is 240 volts 
d.c. or 50-60 cycle a.c. Automatic 
Electric Co., 1033 W. Van Buren Ave., 


Chicago, Ill. 


Plastic Coating for Metals 


Marlox, a plastic coating for metals, 
is used either as a priming coat or 
purely for protection against rust and 
corrosion. Applied by spraying, paint- 
ing or dipping, the thin flexible coating 
is almost completely non-porous, dries 
quickly, and can be handled 5 to 10 
min. after applying. Used to inhibit 
rust and corrosion, it is applied to a 
thickness of 4 of 1/10,000 of an inch. 
As a prime coat, it is applied to a 
thickness of 5/10,000 of an inch. It 
can be applied to all types of metals 
and alloys including steel, cast iron, 
aluminum, aluminum alloys, magnesium 
alloys, copper, brass, cadmium plate 
and galvanized or zinc coated steel. It 
can also be used to waterproof con- 
crete. Marley Chemical Co., 983 E. 
Milwaukee, Detroit, Mich. 


Flat Box Bearings 


Designed for moderate speed and 
power requirements, this new stream- 
lined babbitted common flat box has 
maroon-colored, crackle-finish housing. 
Removable shims between base and cap 
provide for adjustment. Sloping sur- 
faces between cap and base maintain 





concentricity and relieve the cap bolts 
of direct strain from side thrust. Cap 
bolts do not protrude above the top of 


the bearing. Elongated holes for base 
holding-down provide adjustment for 
shaft alignment. The babbitt is of a 





balanced formula, selected in operative 
tests for maximum service. Link-Belt 
Co. 307 N. Michigan Ave. Chicago, 
Ill. 


Electromagnetic Relays 


These new 4-pole double-throw re. 
lays, an addition to the line of Type 
C relays. feature precise machine 
assembly of parts and economical quan. 





Self cleaning wip- 
ing action of the contacts and long 


tity production. 


electrical and mechanical life are 
other features. Operating voltages 
under normal conditions range from 
2 to 230 volts a.c. and 2 to 125 volts 
d.c. Normal contact capacity is 10 
amp. on non-inductive a.c. loads, but 
special contact materials for specific 
applications may permit the control 
of considerably higher current. G-M 
Laboratories, Inc., Chicago, Ill. 


Bimetal Composite Tubing 


Duplex tubing, having an inner tube 
of one metal or alloy, and an outer 
tube of a different metal, has been 
developed to solve corrosion problems 
where the corrosion element inside the 
tube is different from that outside the 
tube. Bimetallic tubing is now made 
with the combination of metals chosen 
to meet these specific conditions. For 
instance, in oil refinery work, tubing 
made of steel outside for corrosive oil 
vapors and copper inside for circulat 
ing fresh water has been found excel 
lent; steel outside for same conditions 
and Admiralty brass inside for circu: 
lating salt water. Other combinations 
successfully used by various industries 
include: cupro-nickel outside, red brass 
inside; stainless steel outside. Admiral 
ty brass inside; steel outside. aluminum 
brass inside. There are many other com 
binations available for services other 
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than those described here. A good close 
contact is obtained between the two 
materials in the composite tube without 
interfering with the heat transfer. Where 
Duplex tubes have to be expanded or 
rolled into a tube sheet, they are sup- 
plied with annealed or tempered ends. 
Bridgeport Brass Co., Bridgeport, Conn. 


Flexible Chain Coupling 


Shearing stresses in the pins of chains 
for flexible coupling are claimed to be 
greatly reduced in this new Type D 
diagonally cut flexible chain coupling. 
With this coupling, one pinion pulls the 
other through the chain, employing the 
full tensional strength of the chain’s 


RSV 





width and resulting in the same charac- 
teristics as an ordinary chain drive. 
Tooth wear caused by excessive mis- 
alignment is distributed evenly across 
the entire pinion face. This is claimed 
to permit greater misalignment and to 
provide increased life. Ramsay Chain 


Co., Albany, N. Y. 


Airflex Couplings 


Especially designed for connecting 
diesel, oil, gasoline, or gas engines to 
any type of driven machinery, the de- 
gree of resiliency of this flexible coupl- 
ing can be readily changed by varying 
the air pressure to suit the exact re- 
quirements ef a particular application. 
It consists of a special resilient rubber 
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gland, lined with a pre-molded, pre- 
vulcanized cylindrical section  espe- 
cially treated to prevent air loss. This 
cylindrical lining is covered with mul- 
tiple alternating layers of tough dura- 
ble fabric and live rubber. The entire 
gland is permanently bonded to rugged 
steel inner and outer rims. This fre- 
quently eliminates the necessity for ad- 
justing connecting units or making 





changes in shaft diameters and lengths 
or in the flywheel to alter the torsional 
characteristics of the driving system. 
Available in six standard types. The 
Falk Corp. Milwaukee, Wis. 


Time Switches 


This new 300 Series time switch is a 
high quality precision instrument which 
sells at a reasonable price. Only two 
gears are exposed; all others operate 
in a sealed oil bath and consequently 
are always lubricated. It is not affected 
by dust. Operation is accomplished by 
slow speed (450 r.p.m.) industrial type 
self-starting synchronous motor. For 
actuating the off-tripper, the most difh- 
cult operation performed, there is a 
reserve power of 40 Ib. or an equivalent 





of 2,000 percent. It operates success- 
fully at temperatures as low as 20 deg. 
below zero. The case is compact, made 
of 18-gage steel with a seamless drawn 
cover and base. Paragon Electric Co., 


Chicago, Ill. 


Print Developing Machine 


Known as the Bruning No. 159 Vol- 
umatic Developer, this machine is de- 
signed to be used with the Model 75 
BW Printer. Using this new combina- 
tion, one operator performs the entire 
printing and developing operation with 
ease and speed. Sensitized paper and 
tracings are fed into the machine at the 
front, where they are immediately ex- 
posed in the printer section. A vacuum 
separator roll at the discharge point of 
the printer separates the tracings from 
the exposed prints, allowing the prints 
to pass automatically to the developing 
and drying sections of the developer. 
The tracing is returned to the operator, 
while the completely developed print is 





delivered flat and dry at the rear of the 
machine. Developer consists of a sepa- 
rator roll, water roll, and a series of 
bands which carry the developed prints 
through the drying section. The devel- 
oping section is synchronized to operate 
at the same printing speeds as the 
printer—speeds ranging from 0 to 25 
ft. per min. Charles Bruning Co., Inc., 


100 Reade St., New York, N. Y. 


Synthetic Varnish 


Harvel 612-C is a phenol-formalde- 
hyde synthetic resin-base varnish made 
from cashew nut shell liquid which 
polymerizes upon baking to an infus- 
ible, insoluble state. The varnish solidi- 
fies throughout, leaving no gummy, 
half-cured interior since it does not 
depend upon oxidation for its solidifica- 
tion. The new formulation produces a 
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basically new varnish with improve- 
ments in speed of cure and flexibility. 
It is said to possess unusual retention 
of insulating strength at high operating 
temperatures. Irvington Varnish & In- 
sulator Co., 45 Argyle Terrace, Irving- 


ton, N. J. 


Hose Clamp and Fittings 


The Punch-Lok hose clamp, a me- 
chanical device for connecting various 
kinds of male and female fittings, spe- 
cial nipples, menders or ordinary pipe 
to a hose, wraps a broad, flat, high- 
tensile-strength galvanized steel band 








twice around the joint. After tensioning 
with a pull of 1.000 lb. within the lock- 
ing tool, the ends are securely locked 
together without loss of tension within 
the flat pressed steel clip. Excess band 
is cut off flush with the clip so that the 
entire joint is smooth. A single hose 
clamp is sufficient for all ordinary com- 
mercial pressures. Two clamps and a 
double fitting are desirable 
wherever the fluid is dangerous, such as 
steam, chemical solutions, or hot li- 
quids. Punch-Lok Co., 430 N. Wolcott 
Ave., Chicago, Ill. 


gre ove 


Adjustable Speed A.C. Drive 


This new 10:1 adjustable speed drive, 
which uses a series circuit without the 
usual exciter, is designed especially 
for industrial applications requiring 
smoothly adjustable speeds over wide 


ranges with constant torque, in loca. 
tions where only a.c. supply is available. 
The new drive has five parts, including 
control: (1) a single-unit motor-gener- 
ator set, consisting of a squirrel cage 
induction motor driving a series d.c. 
generator which supplies operating 
voltage for (2) a d.c. series motor 


coupled to the driven load. In parallel 
with the generator series field is (3) a 
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rheostat which controls the driving mo- 
tor speed. Control apparatus consists 
of (4) an across-the-line starter for the 
squirrel-cage motor, and (5) a push- 
button station. The new drive is more 
flexible than the wound-rotor motor and 
is more efficient than the conventional 
variable-voltage system because it has 
no exciter rotational losses. Available in 
ratings from 1 to 15 hp. with a standard 
speed range of from 175 to 1,750 r.p.m., 
for two or three-phase operation on 220, 
440, 550 volts, 60 cycle systems. West- 
inghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 


Foot Switch 


Adaptable to all types of machines, 
this new Smith-Swich responds to the 
slightest down pressure of the foot and 
breaks the circuit instantly when the 
foot is raised. With rubber or neoprene 
case, Bakelite interior, no exposed 
metal, no soldering, and 14-in. dia. 
tungsten points and phosphor-bronze 
spring, this switch is guaranteed for 
40,000 operations per year. Neoprene 
unit is moisture proof. dust proof and 
resistance to oils and chemicals. Units 
are easily disassembled by snapping off 
the casing. Nathan R. Smith Mfg. Co.. 
105 Pasadena Ave. South Pasadena. 


Calif. 





Immersion Thermostats 


Designated Series 80, these new im- 
mersion thermostats are available in the 
three following temperature ranges: 
Model 80L from —50 to 350 deg. F.; 
Model 80M from 150 to 650 deg. F.; 
and Model 80H from 350 to 1,100 deg. 
F. All units are of the metal expansion 
type with fixed stem and feature the 
use of dual coarse and micrometric ad- 
justments to facilitate accurate settings 
of critical temperatures. Excellent tem- 
perature regulation is assured with dif. 
ferentials averaging 1 percent and less, 
Electrical capacity is 2,150 watts, non- 
inductive load at voltages up to 650 
volts a.c. Inductive loads up to 1% hp. 
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can be handled at voltages up to 250 
volts a.c. The switch mechanism is of 
the positive snap-action type with large 
fine silver contacts. Connections can be 
supplied normally open, normally 
closed, or three-wire. All Tempostats 
are finished with sprayed aluminum on 
Bonderized steel. Internal parts are 
rust-proofed. D. & M. Mfg. Co., 51-53 
Lincoln Ave., Midland Park, N. J. 


Totally Inclosed Motor 


New improved totally inclosed fam 
cooled motors are recommended for in- 
stallation where the air is foggy with 
metal-cutting solutions, or where there 
are abnormal quantities of metallic, 


abrasive and other dusts in the a 


mosphere that would ordinarily injure 
or clog the windings of a general pur 
pose open motor. A generous quantity 
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of cooling air is forced through the large 
air passages by the non-sparking fan, 
causing a cooler motor with cleaner air 
passages. Air intake passages are not 
easily clogged and are so designed for 
safety that a ys in. rod will not pass 
through them. A steel deflector assists 
in air-cooling the bearings. Century 
Electric Co., St. Louis, Mo. 


Small Mercury Switch 


Extremely small mercury switch 
measuring only ve in. long by ?$ in. 
dia. is designed for use in low voltage 
circuits up to 25 volts a.c. or d.c. and 
currents up to 10 amp. at 6 volts, and 
3 amp. at 25 volts. There is no friction 
or wear in operation. Mercury is con- 
tained in the durable metal and Bake- 
lite body. A newly designed baffle de- 
vice assures positive make or break 
operation, with no flickering action 
when equipment is jolted. Suggested 
uses are thermostat circuits, automobile 





glove compartments, trunks and hood 
lights, radio door lights, indicator cir- 
cuits, and similar applications. Littel- 
fuse, Inc.. 4748 N. Ravenswood Ave., 
Chicago, Ill. 


Thin Hex Nuts 


This improved line of self-locking 
tin hex nuts have approximately 40 
Percent of the strength of standard- 


height hex nuts and have been de- 
veloped to meet the demand for a self- 
locking fastening which offers savings 
In space requirements, weight. and cost. 
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As in the standard-height Elastic Stop 
Nuts, the self-locking action is accom- 
plished by means of a vulcanized fiber 
collar which is built into the head of the 
nut. This tough bone-like material re- 
sists the entry of the bolt, thus forcing 
the nut outward and taking up all 





thread play. The nuts are available in 
steel, brass, and aluminum, in a com- 
plete range of standard sizes, both 
coarse and fine thread. Elastic Stop 
Nut Corp. 2332 Vauxhall Rd., Union, 
N. J. 


Photoelectric Relay 


For controlling electrical circuits in 
accordance with the rise and fall of 
natural illumination, the user of this 
Sun-Switch photoelectric relay chooses 
the two lighting levels at which he 
wishes the load switched on and oft, 
and adjusts the calibrated dials to the 
corresponding  foot-candle readings. 
Operation is entirely automatic, no re- 
setting being necessary. Rugged hous- 
ing is of weatherproof drawn metal. 
Operation is from 110 volts, 50 or 60 
cycles a.c. United Cinephone Corp., 
Torrington, Conn. 








Clutch 


For use with gasoline or other motors 
up to 6 hp., this compact, powerful, 
durable clutch has uniformly distri- 
buted driving pressure applied directly 
opposite facing, where it is most effec- 
tive. The clutch transmits 1 hp. at 
100 r.p.m. Clutch plates are steel, 
hardened and ground. High grade, 
specially selected facing material is 
securely fastened in place. Operating 
links, pins, and rollers are all of hard- 
ened steel. Toggle action goes over- 


center, locking the clutch in the driv- 
ing position and providing easy engage- 
ment. 


No oiling is necessary for the 





accurate metal bushing which carries 
the driven sprocket, pulley, sheave, 
flange, or other parts of machine in 
which clutch is installed. Rockford 
Drilling Machine Div., Borg-Warner 
Corp., 1315 Eighteenth Ave., Rockford, 
Ill. 


Flexible Coupling 


This new coupling, designed L-R 
Type HKQ, is applicable ‘to’ either 
horizontal or vertical drives. and is 
recommended for drives where the 
space between the driver and driven 
units cannot be successfully handled 
by standard couplings, and where there 
is excessive misalignment. As shown, 
the floating shaft is supported in fixed 
bearings, entirely independent of the 
power-transmitting elements which are 
thus entirely unaffected by forces gen- 
erated by the floating shaft itself. Chat- 
ter caused by end-wise impact of the 
floating shaft against the fixed shafts 
is prevented by suitable cushions. 
Three types of cushions are used: a 
long-wearing brake lining material for 
heavy loads, leather for sustained loads 
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with infrequent or no cyclic variation. 
and vulcanized duck and rubber ma- 
terial for fluctuating loads, the absorp- 
tion of vibration, and maximum 
misalignment. Lovejoy Flexible Coupl- 
ing Co., 5009 West Lake St., Chicago, 
Ill. 


Thermal Oiler 


Visible, unbreakable bottle oiler auto- 
matically lubricates solid, wick, or 
waste-packed bearings. On slight tem- 
perature rise, the oiler discharges a few 
drops of oil. As soon as the bearing 
receives this oil, it cools and the feeding 


s 


A 


TT V 





stops automatically. Adjustable feed is 
regulated by turning the thermo-dome 
which opens or closes a port hole. All 
metal parts are of solid brass, bright 
cadmium plated. Made in 1, 2 and 4 oz. 
capacities. Trico Fuse Mfg. Co., 2948 
N. 5th St., Milwaukee, Wis. 


Ignition Markers 


These improved ignition markers, 
suitable for aircraft engines and any 
other industrial applications — with 
similar requirements, consist of lengths 
of inside-and-out varnish-impregnated 





tubing, on which suitable identification 
is screen-printed with a specially for- 
mulated ink. This latest form of marker, 
which is slipped over the wire, is an 
improvement over the former type in 
which the identification numerals and 
letters were printed on cellophane 
strips which were fastened to the in- 
sulating tubing. Available in two diame- 
ters, nominal inside diameter of 0.263 
or 0.294 in., with either of two heights 
of symbols, and in two standard lengths. 
Irvington Varnish & Insulation Co., 24 
Argyle Terrace. Irvington, N. J. 


Speed Control Valve 


This new two-direction speed control 
valve controls the speed of piston tra- 
vel. Installed between operating valve 
and one end of a cylinder, one valve 
provides adjustable control of inflow 
as well as exhaust of the air inde- 
pendently to and from one side of the 
piston. One valve will, therefore, con- 
trol the piston speed in two directions. 
For extra sensitive adjustment and con- 
trol two control valves, one for each 
end of the cylinder, are recommended. 
The valve is so constructed that the 
two adjusted orifices which control the 
airflow are set before flow takes place. 
This insures control from the very start 





of movement. Valve body is cadmium 
plated and all other valve parts are 
made of corrosion resistant materials. 
Recommended for 250 lb. per sq. in. 
maximum air pressure; available in 
4, 4, 3,4, 4, and 1 in. pipe sizes. Hanna 
Engineering Works, 1765 Elston Ave.. 
Chicago, Ill. 


Centralized Lubrication 


Development of a  non-reversing 
single inlet, multi-outlet distributor 
feeder and a new variable speed multi- 
outlet pump make possible this new 
non-reversing single pipe centralized 


lubrication system. The improved dis- 
tributor consists of a bank of three or 


more sections each of which discharges 


a measured quantity of lubricant alter. 
nately through one or two discharge 
outlets which are direct-connected to 
bearings. By selecting the proper num- 
ber and capacity of sections, and sup- 





plying the proper amount of lubricant 
to the inlet, a single distributor dis- 


charging progressively through one 
outlet after another will deliver just 
the desired amount of lubricant to all 
the connected bearings. The new Tra- 
bon Series MP multi-outlet pumps, de- 
signed especially for use with these 
non-reversing systems, are available in 
three sizes having different reservoir 
capacities. Trabon Engineering Corp., 


1814 E. 40th St., Cleveland, Ohio. 


Lubricating Oil for 
High Temperatures 


Unlike conventional petroleum lub. 
ricants which often begin to break 
down or crack at 400 deg. F., and 
thereby leave a residue of carbon, var- 
nish or other matter which coats bear 
ings and causes wear and power loss, 
this new oil known as Caloria is recom 
mended only for temperatures above 
this where it lubricates. While doing 
so Caloria oil evaporates completely, 
leaving the lubricated surfaces abso- 
lutely clean. Extensive field tests have 
proven that this "vanishing oil" is the 
solution to hot spot lubrication such as 
is found in kiln cars, glass-making 
machinery. ceramics and glass molds. 
working parts of die-casting machines. 
and various hot parts of machines in 
the metal industries. Available in sev 
eral viscosities. For use in those cases 
where Caloria cannot be reapplied be 
fore complete evaporation takes place. 
colloidal graphite has been added—a 
mixture known as Van Caloria. Cole 
nial Esso Marketers, 26 Broadway. New 
York, N. Y. 


PRODUCT ENGINEERING 

















Manufacturers" Publications 








Materials 


Ampco Metat—Ampco Metal, Inc., Mil- 
waukee, Wis. Cardboard slide selector, 
4 x 8% in. Physical properties and chemi- 
cal composition of all grades of Ampco 
Metal can be quickly ascertained by 
manipulating this cardboard slide. 


CoprPER— Revere Copper and Brass, Inc., 
930 Park Ave., New York, N. Y. “Revere 
Copper and Copper Alloys for the Me- 
chanical Industries,” 44 pages, 84 x 1] in. 
General treatise of chemical and physical 
properties of the various copper alloys. 


FABRICATED MasoNiTE—Service Indus- 
tries, Inc., 2025 So. Calumet Ave., Chi- 
cago, Ill. “Fabricating to Specifications 
with Industrial Masonite," 16 pages, 83 x 
103 in. Illustrates and describes the vari- 
ous types of shapes and forms that can 
be made from Masonite by bending, die 
cutting, punching, shaping, routing, lami- 
nating and finishing. 


Resin Giue—Plaskon Co., Inc., 2112-24 
Sylvan Ave., Toledo, Ohio. “Plaskon 
Resin Glue,” 12 pages, 84 x 11 in. Well- 
illustrated booklet sets forth features, ad- 
vantages, and typical applications of resin 
glue and plywood. 


SYNTHETIC RUBBER—B. F. Goodrich Co., 
Akron, Ohio. “Ameripol” 84x11 in. De- 
tailed description of the properties of 
Ameripol as they relate to mechanical rub- 
ber goods products is given in this bulle- 
tin. 


TUBES AND Pires—Babcock & Wilcox 
Tube Co., Beaver Falls, Pa. Technical 
Data Cards No. 103-A and 107-A. Seamless 
tubing wall thickness data in millimeters 
and inches, and a revised list of standard 
specifications for seamless tubes and pipe 
arranged in handy fingertip form. 


Mechanical Parts 


Base Piates—Link Belt Co. 307 N. 
Michigan Ave., Chicago, Ill. Booklet 1882, 
8 pages, 84x11 in. Covers the company's 
line of welded steel base plates for adjust- 
ing pillow blocks and common flat boxes 
for shaft alignment. 


Linpsay  SrRUCTURE—Dry-Zero Согр., 
Lindsay Structure Div., Merchandise Mart, 
Chicago, Ill. Technical Booklet, 16 pages, 
31x6 in. Explains the basic Lindsay struc- 
ture and principle, describes its develop- 
ment and gives results of laboratory and 


field tests, 


Meta Propucts—L. S. Grammes & 
Sons, Inc., 362 Union St., Allentown, Pa. 
Catalog 66, 64 pages, 83 x 11 in. Illustrates 
and describes literally thousands of small 
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stamped, drawn, spun, wire-formed, en- 
ameled and embossed metal products. 


MINIATURE BEARINGS—Miniature Preci- 
sion Bearings, Split Ballbearing Corp., Le- 
banon, N. H. Bulletin 3P, 4 pages, 6x9 
in. Describes the new self-aligning pivot 
ball bearing, a new addition to the line 
of miniature precision bearings. 


VARIABLE-SPEED ConTrRoL—Reeves Pul- 
ley Co., Inc., Columbus, Ind. Bulletin, 6 
pages, 84x11 in. Describes hydraulic au- 
tomatic controls for automatic synchroni- 
zation of machines, automatic speed con- 
trol, and automatic tension control. 


V-Bett Drive—Fort Worth Steel & Ma- 
chinery Co., Fort Worth, Texas. Data 
book, 64 pages, 83 x 11 in. Comprehensive 
data book covers all types of V-belt drive 
applications, and contains full and de- 
tailed information concerning the widely 
used “Boltrim” or demountable hub 
sheave. 


Electrical Parts 


ELECTRICAL Contacts—Gibson Electric 
Co., 8350 Frankstown Ave., Pittsburgh, Pa. 
Catalog C-10, 14 pages, 84x11 in. Sets 
forth physical and electrical features of 
Gibsiloy silver alloy electrical contacts. 
Many interesting typical applications are 
illustrated. 


HEATING CABLE—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-3539, 
4 pages, 8x103 in. Illustrates, describes 
and gives engineering data for electric 
heating cable. 


INDUSTRIAL Controt Motors — The 
Brown Instrument Co., Wayne & Roberts 
Aves., Philadelphia, Pa. Catalog 77-1, 22 
pages, 8x 103 in. Describes a line of motor 
power units and motorized valves designed 
to operate with Brown Control Instruments. 
Photograph illustrations, dimension tables 
and schematic diagrams are included. 


Limit SwitcHes—Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. Descrip- 
tive data 15-075, 83x11 in. Application 
and construction of 2, 4 and 6-pole planer 
limit switches for the machine tool indus- 
try are discussed. Features of the switch 
are clearly shown. 


Moron CowTROL—General Electric Co., 
Schenectady, N. Y. Bulletin GES-2456, 12 
pages, 8x 103% in. Illustrates many appli- 
cations of General Electric combination 
starters for industrial motor control. 


Motor Controt—Square D Co., 6060 
Rivard St., Detroit, Mich. Digest 126, 76 
pages 83x11 in. Condensed catalog illus- 
trates and describes safety switches, ser- 





vice equipment, multi-breakers, ° circuit 
breakers, panel-boards, motor controls and 
pressure switches. 


Pitot Licut AssemBiies—Drake Mfg. 
Co., 1713 W. Hubbard St., Chicago, Ill. 
Form 4, 4 pages, 83 x 11 in. Complete list- 
ing and description of dial and jewel pilot 
light assemblies with information on volt- 
age, type, and mounting. 


RELAYS AND SwitcHES—R-B-M Manufac- 
turing Co., Logansport, Ind. Catalog 1941, 
34 pages, 9x114 in. Leatherette-bound 
catalog gives complete data covering re- 
lays, switches, pilot lights, harness, and 
other electrical devices, including pack- 
aged units. 


SELsvNs—General Electric Co., Schenec- 
tady, N. Y. Bulletin GEA-2176, 8 pages, 
8x 10% in. General treatise on Selsyn self- 
synchronous apparatus for remote signal- 
ing, control, and indication. Applications, 
operation, features and general types avail- 
able are illustrated and described. 


Finishes 


FINISHING WITH ABRASIVES—The Nation- 
al Metal Abrasive Co., 3560 Norton Rd., 
Cleveland, Ohio. Bulletin A-221, 20 pages, 
5} x 8} in. Well-illustrated general treat- 
ise can best be described by its title, the 
“ABC and XYZ of Cleaning, Hardening, 
Surfacing, Relieving Metal Fatigue and 
Strain by Controlled Abrasives”. 


INFRA-RED FinisHes—Ault & Wiborg 
Corp. 75 Varick St, New York, N. Y. 
“The Facts About Infra-Red,” 10 pages, 
5} x Tî in. Reprint of a magazine article 
by M. M. Wilson describing the applica- 
tion of finishes to infra-red operations. 


Woop Grain Repropuction—Ault & 
Wiborg Corp., 75 Varick St, New York, 
N. Y. Bulletin, 4 pages, 83x 1134 in. De- 
scribes an improved method of reproducing 
wood grain on metal and wood surfaces. 


Miscellaneous 


Drartinc MacuinE—The Drafto Co., 
233 Walnut St., Cochranton, Pa. Bulletin 
141, 4 pages, 8$ x 11l in. contains informa- 
tion as to construction, operation details 
and prices of the “Master-Drafto” Model 
No. 60 drafting machine. 


ENGINEERING JOURNAL — Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
This new quarterly journal of engineering 
information, on the generation, transmis- 
sion and distribution of electric power will 
be distributed to a selected list of engineers 
and executives, and will also be available 
by subscription. 


Sounp Levets—De Bothezat Ventilating 
Equipment Div. American Machine and 
Metals, Inc., East Moline, Ill. Form FN 
4-41, 12 pages, 8$ x 11 in. This booklet is 
written in non-technical language on the 
subject of sound levels and other related 
factors governing selection of axial flow 
fan units. 
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Books and Bulletins 





Electro-Magnetic Devices 


Hersert C. Roters—561 pages, in- 
dexed, 642x914 in. Blue clothboard 
covers. Published by John Wiley and 
Sons, Inc., 440 Fourth Av., New York, 
N.Y. Price $6. 


Intended primarily as a textbook for 
graduate students, this book will also 
serve as a useful reference for engi- 
neers working on development of new 
magnetic devices. The book, which 
assumes the reader is familiar with ba- 
sis subject matter, is divided into two 
sections: the first covering theory and 
methods applicable to all types of mag- 
netic circuits and non-rotary electro- 
magnetic devices, and the second de- 
voted to design of such devices as trac- 
tive magnets, time-delays, high-speed 
magnets, a.c. magnets and relays. The 
book is based on the author’s graduate 
course at Stevens Institute. 


Plastics in Industry 


PrLaAsTES—24] pages, indexed, 39 il- 
lustrations, eight diagrams, 6x894 in. 
Blue clothboard covers. Published by 
Chemical Publishing Co., 236 King 
Street, Brooklyn, N. Y. Price $5. 


Discussing manufacture, molding 
technique and applications of the more 
common plastics, this well-written Brit- 
ish book covers the field rather well. 
A definite effort has been made by the 
anonymous authors to point out advan- 
tages and limitations of each type. 

The seventeen-chapter book is well 
illustrated with recent applications and 
contains considerable tabular data on 
performance of materials. Separate 
chapters are devoted to the application 
of plastic in the electrical, motor car, 
textile and aircraft industries. A chap- 
ter on synthetic rubber is also included. 


Patent Fundamentals 


Leon H. AmMpur—305 pages, 80 il- 
lustrations, 6x834 in. Blue clothboard 
covers. Published by Chemical Publish- 
ing Co., 234 King St., Brooklyn, N. Y. 
Price $4. 


Many brief case histories make this 
book on patent fundamentals extremely 
easy to read, and dramatically demon- 
strate nearly all the points Mr. Amdur 
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emphasizes as being of value to design 
engineers and inventors. The book de- 
velops rapidly from a general discus- 
sion of the nature of and types of pat- 
ents to a step-by-step outline of the 
procedure for preparing and prosecut- 
ing patents. 

The author devotes considerable 
space to a discussion of what consti- 
tutes invention, and shows how court 
rulings in interesting cases have de- 
termined the accepted interpretations. 


Design of Machine Elements 


Vircit M. Faires—Revised edition, 
490 pages, 389 illustrations, 644x914 
in. Brown clothboard covers. Published 
by The Macmillan Co., 60 Fifth Ave., 
New York, N. Y. Price $4. 


This revised edition of Mr. Faires' 
excellent textbook brings up-to-date in- 
formation in fields where progress has 
been rapid, and adds a new chapter on 
variable stresses and stress concentra- 
tions. Other improvements are the 
consistent use of dynamic loading as 
the basis for the design of all types of 
gears, and the adoption of the hydro- 
dynamic theory as the approach to the 
design of thick-film journal bearings. 
Additional data on the properties of 
materials and more information con- 
cerning the computation of stresses in 
welded connections are included. 

Supplementing the book, a 147-page 
pamphlet of *Problems on the Design 
of Machine Elements" presents prob- 
lems for practice or quizzes on all the 
important points brought out in the 


textbook. Price is $1.40. 
e o © 


Fabrication of Stainless Steels 


28 pages, 8Àxll in. Published by Alle. 
gheny Ludlum Steel Corporation, Pitts- 
burgh, Pa. 


Workability and fabrication of the stain- 
less steels can best be discussed by dividing 
the steels into two general classifications: 
(1) austenitic steels which are composed 
chiefly of chromium, nickel and iron, are 
non-magnetic, cannot be hardened by heat- 
treatment, are relatively stiff in annealed 
condition, but are extremely ductile; and 
(2) straight-chromium-iron alloys which 
are intensely air hardening with from 4 
to 14 percent chromium, which air harden 
to a much less extent with from 14 to 18 
percent chromium, and which do not air 





harden to any appreciable extent from 18 
to 30 percent chromium. A general dis. 
cussion of fabrication, finish and heat- 
treatment of all of these alloys is given 
in this booklet. 


Tolerances for Cylindrical Fits 


JOHN GAILLARD—24 pages, 17 illusira- 
tions, 73x10? in. Published by American 
Standards Association, 29 W. 39th St 
New York, N. Y. Price 25 cents. 


و‘ 


The designer’s problem is to specify the 
required degree of tightness for cylin. 
drical fits in such a way that the shop can 
establish them. Mr. Gaillard in his book- 
let describes the basic principles under. 
lying a standard system of fits and toler- 
ances, beginning with the assumption that 
shafts and holes can be made exactly to 
specified sizes and progressing from this 
idealized case to the practical problem of 
tolerances in a standard system of fits. He 
lucidly describes and criticizes existing 
national and international standards. Noth- 
ing is said in this booklet about the selec- 
tion of correct type of fit for a given appli- 
cation—that is left up to the designer. 


Machining Zinc Alloy Die Castings 


32 pages, 83x11 in. Published by the 
New Jersey Zinc Company, 160 Front St., 
New York, N. Y. 


This greatly-enlarged edition of “Prac- 
tice in Machining Zinc Alloy Die Castings” 
now includes general data and illustrated 
examples of every method for machining 
and forming die castings. Recommended 
reading for product engineers are the sec- 
tions on swaging, riveting, and bending 
and forming, which present ideas for sim- 
pler die-casting design. 


Welded Steel Tubing Handbook 


86 pages, 83x58 in., leatherette ring 
binder. Published by Formed Steel Tube 
Institute, 1621 Euclid Ave., Cleveland, 
Ohio. Price $1. 


This handbook is an excellent achieve- 
ment of its purpose—to give the engineer 
a knowledge of and reference for the phy- 
sical, chemical and metallurgical proper- 
ties of welded carbon and alloy steel tub- 
ing together with commercial tolerance 
limitations and other extensive engineer- 
ing data. In addition to the tabulated 
data eovering commercial sizes, tolerances, 
and properties, many pages of sketches 
illustrate typical shapes, fabrication meth. 
ods, and correct ways to specify dimensions. 


Deep Drawing, Shearing and Perforating 
Of Monel, Nickel and Inconel 


Bulletin T-19, 12 pages, 84x11 in. Pub 
lished by Development and Research Div. 
International Nickel Company, !nc., 6 
Wall St., New York, N. Y. 


Well illustrated bulletin contains direc 
tions for shop practices that have proven 
successful for blanking, cupping, drawing 
and other operations encountered in press 
forming nickel-copper alloys, commercially 
pure nickel, and nickel-chromium alloys 
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CHAIN DRIVE LENGTHS 


JOHN 


REFERENCE BOOK SHEET 


SCHAPPI 


Morse Chain Company 


The simple self-explanatory chart, Fig. 1, can quickly be 
applied to calculate the approximate chain length in pitches 
if the number of teeth in the sprockets, the center distance, 
and the chain pitch are known. The formula used with this 
chart is: 

T+t ; 
L, == +20, +4 (1) 
where 


L, = chain length in pitches 
T = No. of teeth in large sprocket 
t = No. of teeth in small sprocket 
C, — center distance in pitches 
A = determined from chart 


The number of teeth in the sprockets necessary to give the 
desired speed ratio can quickly be selected by referring to 
the chart, Fig. 2. 

The following new formula can be applied where extreme 
accuracy is required: 


+t : 
L,- Lt 1.36, - K (T- 0 (2) 


where K is a constant calculated for various values of 
(T — t)/C,. On page 335 are tabulated values of K accurate 
to six decimal places. 

This new formula is considerably easier to apply than the 
previously accepted formula which differs only in its last 
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Fig. l—Chart for quick determination of term A in Equation (1). Enter chart at left with C,, move horizontally to intersec- 
tion with diagonal corresponding to (T-t), then move down vertically and read A in pitches at bottom 
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term K (T — t)*/C,. Values for constant K in this previous 
equation have been worked out only to five decimals. 

Since Equation (2) does not usually result in a chain 
which is a whole number of pitches in length, it is usually 
necessary to determine the exact center distance required for 
a chain whose length L is the whole number of pitches next 
greater than L,. To do this, apply the following formula, 
where C, is the approximate center distance in inches as 


assumed when applying Equation (2). and P — pitch in in. 
(L—L, 
C= С, E P iU ue. (3) 


Where greater accuracy is required, this process can be 
repeated. 


Derivation of Formula 





Let L — chain length in inches and C — center-to-center 
distance in inches. Then from Fig. 3, 
L =r (R +r) + 20 (R — r) --2C cos 6 (a) 
EE 27-Х (b) 
0 = sin X 
then 2 C cos 0 = 2C V1 — X! and (e) 
L = х (Ё+т) + 2sin 1X (R—r) + 2C N 1— XK: (d) 
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Fig. 2—Use this chart to select size of sprockets for given speed ratio 


from (b), R — r = CX, and (d) becomes, (e) 
L = r (R+r) +2CX sin 1X + 2C N1 — x (f) 

= r (R+r) + 2C [X sin 1X + V1— X1] (g) 

and [X sin 1 X + т can be expanded by Taylor's theorem: 
1x3 Xs 

[ dena tmeG.oo 9 


( Continued on page 336) 








Fig. 3—Diagram of typical chain drive 


REFERENCE BOOK SHEET 





334 


PRODUCT ENGINEERING 





PRODUCT ENGINEERING 


.000507 
.001013 
.001520 
.002026 
.002533 


.003040 
. 003546 
.004053 
. 004559 
. 005066 


.005574 
006080 
006587 
.007093 
.007600 


.008107 
008614 
009121 
009628 
.010135 


و e‏ وي وي © 
Scocco‏ 


.010642 
.011149 
.011657 
.012164 
.012671 


0 0 
0 0 
0 0 
0 0 
0 0 


013179 
013687 
014194 
.014702 
.015209 


.015717 
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و ي ڪڍ وي © 
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018766 
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‚024874 
‚025384 
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Values of K to Apply in Chain Length Equation (2) 


‚025894 
‚026404 
‚026914 
‚027423 
‚0279834 


‚028445 
‚028956 
‚029467 
‚029978 
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‚032025 
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.035611 


036124 
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037151 
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.041267 
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. 116291 
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. 135804 
. 136438 
. 137073 
. 137709 
. 138349 


‚138990 
. 139632 
. 140276 
. 140922 
. 141570 


. 142220 
. 142872 
. 143526 
. 144183 
. 144841 


145501 


. 146164 
. 146828 
. 147495 


148164 


148835 


. 149510 
. 150286 
. 150866 
. 151547 


. 152232 
. 152919 
. 153608 
. 154301 
. 154996 


. 155694 
. 156397 
.157101 
.157809 
.158521 


.159236 
.159954 
.160676 
.161404 
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. 167362 
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X 1 Хз 1x3 2X 

8 ر‎ = + (R+r) + 2C + СХ | = + Se he ا‎ 
"s Fn еч ox[3 SxS 4 2х4х5 3 
= r (R+r) + 2C + 2C XS (i) 





where S = sum of series. 
Equating the last two terms of (g) and (i), 
2C[X sin ? X 4- V1— X3] - 2C (1 + XS) 








vi-x? 1 t-Vi-r 
ESATO ————Ledcr-—l—— р 
inc in 1X X Y in ^! X X ] 
Now let 
T — number teeth in large wheel 
t — number teeth in small wheel 
p — chain pitch in in. 
then 27 = pT 2тт = рі 
Б PD 
Ё = on n. r= on t 
and R—r-5- (T-1) Е +т= 2. (T 4-0 
; , R—-r p (T-—0 
Х = віп 0 = —— = 2 2——— k) 
in С ка ( 
Substituting above values in equation (i). 
p (T +12) p T-t, 
L = ——~_——- + 2 2C =—- ——S 
Е 2 ст 2т C 
let L/P — L, — chain length in pitches, then 
+1, 2С 68 
E += + (T-t) (1) 
2 р T 
S к 
let — = K, and C/p — C, = center distance in pitches 
7 
then L, = 1! 1.20, 4- K(T— 1) (m) 
Evaluation of Constant K 
2 8 ET. . 1-N41-X , 
к 5-1 аах - I ] (n) 
т т X 
L oe Pat 
The table headings are in terms of î 2 r sin 0, so 
T-t > i d Ec 
let —— = d, then X = sin 6 = — and substituting in (n) 
E 2T , 
1 d 1 س‎ 
K = sin?! ——— — (2r — Vár- æ 
ji 2r d Qv — N47 ) (0) 


The above was used to compute values of K at d = 1, 2. 3. 
4, 5, and 6, using 6-place tables. 
| Evaluation by series of K in interval d = 0 to d = 1: 
| K = S/z, and substituting X = d/2z in (i) and (n) 
| 


‚Ж, КҮ, oo tary 
-ng Ё td (2) Т 15х68 | 2r 


| 1x3x5 / d\ 
| + Pes. (4) di el 
| 
E d d d E 5 p 
| Kant 0s 0956097 1168 ° ° ° 
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K = 0.025330 d 4- 0.000053469 d* + 0.0000004063 d* 
+ 0.00000000459 2 (р) 


The above series was nice to use up to d = 1 but above 
this some other series had to be found. 


: E a. 54 
Substitute X = 5. in equation (o) 
т 


= 


2т 


then К = ZE а. -L (2r — N47? — F | (q) 


now expanding function about (d — h) 
where let us put m = Vi -— Ф 


1 1 d— h 
cct MEL EN ML S. ЖШН ЧЫ, 5. 
A (2v — m'/?) + (2v — m! /?) 7 


then K = 2 Ыы al 
v | 2r 


— hy 
+[-+ (27 — m +o |S 





тї? 


h k? ] (d — hy 


2m! /? бтз /? 


+ [+ (2v — m1?) — 


1 i h h3 (d — h)* ) 
sc. dite i Mm ا‎ 
T | h Ge = т) т 2m! ^? + Sm? | h* i 


The result of the expansion is given above, but all interme- 
diate steps for getting the derivatives of K have been omitted. 

Only three terms of the above expansion were used and h 
is close enough to d so that results are accurate to the sixth 
decimal place. The K computed by (o), and the series in 
(d — h) check for largest value of (d — h) used. 

After tabulating the results of computations, the difference 
between successive values of K were found. Since increments 
of d were taken as 0.02 throughout, the K differences increase 
uniformly from d — 0.02 up to d — 6.00. 





Example of Methods 


A chain drive has a large sprocket with 55 teeth, a small 
sprocket with 17 teeth and a center-to-center distance of 24 
in. Pitch of the chain is 34 in. First make a rapid estimation, 
then an accurate determination of chain length. 

Estimation—applying Equation (1), 


2х 24 
3/4 


_ 55417 


L, 2 


uc 





+ 1.2 = 101.2 pitches 


The last term, A, in the above equation was found by enter- 
ing the chart, Fig. 1, at C, = 32, moving horizontally to the 
diagonal line (7 — t) = 38, and then moving vertically from 
this intersection to read A = 1.2 pitches at bottom of chart. 

Accurate determination—The first two terms in Equation 
(2) are the same as for Equation (1). For the last term 
compute (7 — t)/C, = 1.20. Then referring to the table of 
values for K, find K = 0.030489 for (T — t)/C, = 1.20. 


Then the formula becomes: 


55+17 , 2X24 


L» = —5 + 374 + 0.030489 (55 — 17) = 101.158 pitches 


To find the exact center distance for a chain with the nearest 
greater whole number of pitches in length (in this case 102 
pitches), apply Equation (3) ; 


102 — 101.158 


o = 24+ 3/4 ( 2 


) — 24.315 in. 


This value, when checked back with Equation (2), requires 
an accurate chain length of 101.979 pitches. 
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GEORGE F. NORDENHOLT, Editor 


New Design Concepts 


HISTORY HAS PROVED that many of the world’s greatest 
advancements were born during war periods. In the past 
such progress has been greatest in the field of medicine 
and surgery and, undoubtedly, this present conflict will 
bring forth further great strides in that field. However, 
in this present conflict, the greater emphasis is upon the 
machinery of war rather than numbers of men. Relatively 
speaking, men engaged in actual combat are fewer but the 
machinery and engines of war have been multiplied many 
fold. It is for this reason that engineering and industry 
are playing a greater part in the prosecution of war than 
ever before. The outcome of the present conflict will 
depend largely on the relative merits of the scientific and 
industrial accomplishments of the opposing nations. 

Although we are not officially in the war, American en- 
gineering and industry have already felt the impact. The 
first major effect of our defense program is felt in the 
scarcity of materials. In rapid succession, aluminum, 
zinc, nickel, copper and practically all other metals are 
being put on priority lists. 

Design engineers today have a wonderful opportunity 
to use their judgment and ingenuity without restraint. In 
the present emergency the engineers are 100 percent in the 
saddle. They are the only ones who possess the technical 
knowledge and experience to dictate changes in materials 
and methods for economizing on materials. 

Great care and good judgment will have to be exercised 


in switching from one material to another. Simple ma- 
chine elements not subjected to severe stress or other serv- 


ice requirements can be changed quickly without a great 
deal of study. But highly stressed members or parts sub- 
jected to severe service must be studied most carefully 
before making any changes. The problem becomes fur- 
ther complicated in attempting to select a material which 
is not on the priorities list or for which there is some 


assurance that the supply will not be extremely limited. 
One company has tackled the problem of materials by 


listing the materials that had been used in former decades. 
Engineering department files were ransacked for old draw- 
ings and old blueprints of designs that were manufactured 
before the days of the general use of alloy steel. Another 
line of attack was to study ways and means by which 
unnecessary materials or parts might be eliminated. This 
last is the perfect answer to the problem of scarcity of 
materials. 

Less than 15 years ago there was still on the market a 
machine called the Model T. Its strongest sales argument 
was, “It takes you there and brings you back." Its out- 
standing design feature was simplicity and economy. By 
force of circumstances design engineers must get back to 
the philosophy which made the Model T famous. What is 
needed today is machinery and equipment for the home 
and industry that will render the services required, but 
designed as simple as possible and requiring a minimum 
of material and workmanship in their manufacture. The 
sales manager's problem today is not a question of getting 
the engineering department to put the greatest number of 
“doodads” on the product in order to sell it in competition 
to the general public. His biggest problem is to be in a 


company where the chief engineer can develop a product 
that can be made. It is a seller’s market; the problem is 


to produce the products to be sold. The highest type of 


engineering will be required to develop products that 
“take you there and bring you back” and that can be 
manufactured with a minimum amount of materials and 
workmanship. 


We venture to predict that in this war emergency many 
startling developments in the field of engineering design, 
especially with reference to the ingenious use of materials, 
will be born. In meeting today’s conditions, engineers 
will develop a resourcefulness far beyond anything 
previously conceived. We are entering a period wherein 
new design concepts are being born and old dusty designs 
are being polished up. 














THE MESSERSCHMITT 110 


Details of Germany's Mass Production Fighter 


JAMES E. THOMPSON 


Service and. Specification Engineer, Vultee Aircraft, Inc. 


r | | HE Messerschmitt Me 110 long- 
range fighter is an airplane 
designed for “blitzkrieg produc- 

tion” as well as blitzkrieg warfare. A 

brief examination reveals that its de- 


signers gave careful attention to the 
basic factors governing mass production 


practicability and economy—design sim- 
plification; elimination of close limits 
and clearances; practical assemblies 
and installations; and a minimum vari- 
ety of structural shapes and sheet gages. 
Examination reveals that this airplane 
lacks in nothing that a high-grade mili- 


tary airplane should possess. Its per- 
formance is good; armament heavy; 
instruments and controls are adequate. 
Long- and short-wave CW and phone 
radio equipment is provided. 
Production economy has largely been 
achieved by loosening up manufacturing 


Table I—Specifications of Messerschmitt Me 110 C-1 





GENERAL 
Type.. 


Three-seater, 


ARMAMENT 


twin-engined, Fixed guns. . 


low wing, land monoplane 


DE... 


Long Range Fighter 


Cannon... 


Four 7.92 mm. (approx. cal. 
.32) — nose mounted 
Two 20 mm.—nose mounted 


Overall span............ ий 53 ft. 5 in. Flexible guns. . ..... One (approx. cal. .30) 
eer 40 ft 6 in. Bombs (alternate load)... .... Two 250 kg. 
Fuselage maximum width TE 35 in. TANK CAPACITIES 
WING Fuel 
ee EC 414 sq. ft. Normal — 4 tanks.......... 340 gal. 
Mean aerodynamic chord...... — 92 in. Maximum — 6 tanks. ...... 480 gal. 
er er .. 24341 Oil 
Main spar location. .......... 39% of chord Two tanks..... 11.5 gal. each 


КИИ эор» лез» 
NENNEN LV Veoh RE 


LANDING GEAR 


37 lb. per sq.ft. (approx.) 
4.8 Ib. per sq.ft. 


WEIGHTS 


Weight empty.... 


Fuel to oil ratio 


21:1 max. 


9,900 Ib. (approx.) 








EMEN oi orn E 15 ft. 2 in. Useful load................ . 5,400 Ib. (approx.) 
Gross weight......... ..cce 16,900 B. 
ENGINE : 
оова ванн акно PA Daimler-Benz DB 601 PERFORMANCE 
MER celsa Id ad 12-cylinder, poppet valve, Maximum speed at 19,000 ft... 365 mph 
liquid cooled, inverted Vee Maximum cruising speed at sea 
— supercharged, spark- level........ sie nnns 263 mph 
ignition and fuel injection. Maximum cruising speed at 
CARRS ROE SED 87 octane min. 16404 ft................... 304 mph 
Maximum cruising speed at 
PROPELLERS NE ooi oia e 301 mph 
eqs, er VDM Range at cruising power and 
Исоева Three-blade, controllable Косаи ма: 565 miles 
pitch, full feathering Maximum range at most eco- 
6 коен TRE LE 11 ft. nomical power.........,... 1,750 miles (estimated) 
IEEE Ls уду ое Бя Electric motor Maximum duration........... 7.0 hours (estimated) 
Table Il—Specifications of Daimler-Benz DB 601 Engine 
EE эь лаз кла аы ea 60 deg. Inverted Vee ИШ eL LEAL DRUG 10.5 in 
саз УУРА Liquid — 50% ethylene EE LL oce ov xt sevi) ka 29.1 in 
glycol and 50% water Weight (with all accessories, plumb- 
Normal maximum power (at 19,000 ing and wiring to firewall — dry).. 1,610 lb. 


| ———— P À 
Take-off power (for 1 min.)......... 


1,150 hp. at 2,400 rpm* 
1,360 hp. at 2,400 rpm 


Accessories: Magnetos.... 
Spark plugs..... Е 
Injection pump. ...... 


Bosch-twin CM12BR4 
Bosch — 2 per cyl. 
Bosch 12-cyl. in-line 
Bosch — 1 per cyl 
Gear type 

Automatic, hydraulic, 


variable speed 


* Critical altitude of 19,000 ft. assumed on basis of airplane 


Compression ratio. ................ 6.9:1 ) 
КОГО... 10: 1 maximum Injectors........ 
Reduction gearing................. 14:9 Oil pump......... vee 
EM A Lucem ciis Guia s einn 5.9 in. Super charger drive... . 
EE cu sumbsEa» Vibe eS 6.3 in. 

ПОО: she ics Dean enone com's 2,069 cu. in. 

BIMBI eec T bor oon ce 61.5 in. developing maximum speed at 19,000 ft. 


i NR CR A LO TT mm 
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Radio antenna — — X 
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Gunner's seat — — — — — = SS 


—— .  r[-- Oil tank 
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4 — 32 cal. machine guns (7.96 M А rA ES — i Т Wing main fitting) 
ге NT کی‎ 4 27 , T 
Gun camera —— — — — — | s 26 Ш Wing front fitting 
N ud -— 


4 comp. air bottles (gun charging) — 88% ws NE "y 


Z— —2 — 20 MN. cannons 


L — Retractable la 


MESSERSCHMITT 110-C MULTI-PURPOSE FIGHTER 








r— Adjustable stabilizer 










o antenna — — ^ 
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4— —Non-retractable tail wheel 









——— — — —À —À —ÁÀ —À — — — Navigator's seat 
— — — Rear wing fitting 
^ — — — Fuel tanks (self-sealing) 
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м... 


—— (aft of leading edge) 





fitting J 
fitting 









/ L —Fuel tank (overload) \ 
\ 





L— — — Coolant radiator , 
Landing light — —— — — — Уу, 


&— — Automatic slots 


L —Retractable landing gear 


— /— —— Slotted type flap and aileron - —— —— —— —— — 


-— —— — — — — — Main spar 39 percent of chord 
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Wing lower Surface 


A: /Jeron brackets 
riveted rectly 
АД 


Messerschmitt 110 wing construction—outboard of engine nacelle, designed for ease of fabrication and assembly 


limits as much as possible by ingenious 
design. Interchangeability of wing fil- 
lets is a troublesome problem in aireraft 
production, as it is necessary to hold 
close dimensional limits on the attach- 
ment screw holes in a part that is curved 
in three dimensions, and extremely flex- 
ible. This problem is solved by piercing 
large attachment holes in the fillet it- 
self, and using attachment strips that 
clamp the fillet edges between strip and 
wing or fuselage. This design permits 
drilling of attaching screw holes in 
strips and wing or fuselage with matched 
drill-jigs to insure perfect alignment, 
and the large holes in the fillet itself 
permit considerable dimensional varia- 
tion of this part. 

A similar problem of dimensional va- 
riations between wing tips and panels is 
met by special washers, screwed down 
over attaching holes in the skin. The 
attaching holes in the tips are large 
enough to compensate for variations in 
the location of mating holes in either 
section of the wing. 


An unusual design permits consider- 
able fore and aft and vertical adjust- 
ment of the nose-section wing fittings 
for alignment at final assembly. The 
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Monospar shear web 


Channe!-section 
/ stiffeners 


Stamped Z-section 
rib formers 


WING 
Basic structure....... 
Secondary structure..... 
Average skin thickness 
Nose skin thickness... . 


Maximum skin thickness............... 


FUSELAGE 
Basic structure... ET 
Secondary structure........... 
Pilot's and gunner's seats. . 
Average skin thickness 


EMPENNAGE 


Basic structure. . 


Stabilizer nose section moldings... zr 


Average skin thickness. 


POWER PLANT 


Engine bearers 


LANDING GEAR 
Wheels..... 


Table III—Materials Used in Messerschmitt Me 110 


Angle- section 
cap strip 


Channel - section 
Stamping 


Hat- section 
truss members 


х 


\ 
\ 
\ 


СДГ 


e dge 










Aluminum alloy 


Aluminum alloy and magnesium alloy sheet 


0.015 in. 
0.060—0.075 in. 
0.081 in. 


Aluminum alloy 
Aluminum allov 
Magnesium alloy 
0:045 in. 


Aluminum alloy 
Magnesium sand casting 
0.055 in. 


Magnesium forgings 


Magnesium castings 


ne E EID ELENA T Y t LE TIN amnanan 


fitting mounting face and pad are finely 
serrated, and the mounting bolt holes 
are oversize to permit adjustment of the 
fitting—with shear loads being trans- 
mitted through the serrations, rather 
than through the bolts. 


Self-aligning bushings for the major- 
ity of attachment fittings greatly sim- 
plify final assembly operations. These 
bushings are also used as rod-end bear- 
ings for the engine control rods, and 
appear to be a standard part as their 
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Main bearn 
upper attach, 


point 
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Fuselage 
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WINE usos ! 
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/-piece forging 
(alum. alloy). 


Tube 


Cross , 
member ^ 







j Main beam 
1 lower attach. 
i points 


~ „ ч / 
T” section 


Wing panels connect directly to fuselage 
structure through four-point attachment 


nature is such that quantity production 
would be a simple matter. Each bush- 
ing assembly comprises two steel parts, 
an outer socket ground on its I.D. to a 
spherical radius, and an inner bushing 
with its O.D. ground to a mating spher- 


ical radius. One side of the outer socket 


is notched with two reliefs spaced 180 
deg. and slightly wider than the inner 
bushing. This permits assembly by 
turning the inner member at right angles 
to the outer part, slipping the two to- 
gether. and rotating the inner member 
into line with the outer. The assembled 
bushing has a ball-and-socket effect, per- 
mitting angular alignment over an un- 
usually wide range. 

It is obvious that the designers of the 
Me 110 concentrated every effort upon 
developing a structural design so well 
adapted to mass production that any 
reasonable accelerated production sched- 
ule could be met, and one which permits 
manufacture of completely interchange- 
able major components in widely scat- 
tered shadow factories, to be later as- 
sembled at one or more centrally lo- 
cated assembly plants, without regard to 
what factory produced a particular sub- 
assembly. 

Examination of the airframe reveals 
that every factor affecting production 
was carefully weighed during the de- 
sign of the Messerschmitt, even the con- 
sideration that the majority of assembly 
and fabrication must be possible of ac- 
complishment with semi-skilled labor 
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Elevator hinge 





/ fitting / bolted together 
, , Fear beam fs 
! Upper rib. Cloth patches — 
~ {í doped in place 


Lower rib. 


— ee 


P 
Vertical fin 
attaching points 


Bolt access holes --~~ 


Brazier head rivets -------- 


Magnesium casting 
used for nose section- 





Hinge fitting. 


Nose section 


` 
` 


Trailing edge 










Beam flanges 





A fo cover bo/* 
\ access holes 
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„Flush 
‘ rivets 
































Unique construction of horizontal stabilizer for rapid manufacture and ease of assembly. 
Sub-assembled halves are joined by bolts 





\ 
Box structure to carry 
torsion loads around 
hinge cut-out 





Control surface nose section design. Box structure carries torsion loads around hinge 


in the event that accelerated production 
and the demands of military service 
should bring about an acute shortage of 
skilled labor. This belief is substanti- 
ated by the code numbers placed on a 
majority of assemblies to indicate the 
attaching parts, such as the two halves 
of an electrical disconnect plug being 





marked “L-93,” or one end of an oil 
line and its mating fitting both being 
marked “F-17.” 

In order to analyze intelligently the 
production possibilities of the Me 110. 
it is necessary to assume that manufac- 
turing methods and equipment used by 
Messerschmitt are similar to those of 
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American factories and then examine 
each portion of the airframe with a view 
to its adaptability to mass production 
bv these assumed methods. 

The semi-monospar, all-metal, two- 
panel wing construction lends itself well 
to quantity production, without requir- 
ing the use of elaborate wing jigs or 
the services of highly skilled workmen. 
The simplicity of the wing internal 
structure, of true monospar construc- 
tion outboard of the engine nacelles, 
with accessibility provided through land- 
ing gear cut-outs and large removable 
panels for fuel tanks and control mech- 
anisms, makes possible rapid assembly. 
Detail parts are simplified by minimiz- 
ing the variety of structural sections 
and by largely eliminating extruded 
sections. 

The basic wing construction consists 
of a nose section formed in a power 
brake operation; nose ribs formed with 
a punch-press or drop-hammer; hat- 
section stringers formed from strip stock 
with power rolls; and main beam com- 
prising extruded aluminum-alloy angle 
cap-strips riveted to an aluminum alloy 


plate shear-web member. Aft ribs of the 
Warren-truss type are formed by rivet- 


„Light metal casting 


/ 


Flush \ , 
screws. Rib 
a 


| Section B-B 





ing short lengths of hat-sections to a 
former practicable of manufacture as 
a stamping or a hammer part. Flat 
sheets of aluminum alloy are flush- 
riveted into place to cover the wing aft 
of the nose section, with flush joints 
being obtained by joggling the edges of 
overlapping sheets. The wing construc- 
tion is simplified by the complete ab- 
sence of a rear beam outboard of the 
engine nacelles, aileron and flap loads 
being transferred directly into the mono- 
spar by the trailing edge ribs. 

The absence of a wing center-section 
structure further simplifies wing fabri- 
cation. The wing panels connect directly 
to the fuselage structure through a four- 
point attachment between the shear- 
webs and the fuselage structure. The 
monospar is connected at two points to 
a truss-girder passing through the fuse- 
lage: a bolt passing through a clevis 
fitting to connect the bottom of the spar, 
and a large stud extending from the top 
of the spar through a boss in the truss 
within the fuselage. Torsion loads in 
the nose section torque box are carried 
into the fuselage by a clevis connection 


between the nose section sub-spar and 
the fuselage. Another clevis connection, 


Upper skin, 







Bolt access holes -—-—----------- 2 
Bol -a 


M Lower 


„Front beam 


----- 








near the aft of the wing, permits the 
rear sub-spar to carry aileron and flap 
torsion loads into the fuselage. Square- 
cut wing tips, in the form of simple 
fairings to close the outboard end of 
each wing panel, facilitate production 
of the wing. 

Six self-sealing fuel tanks are housed 
within the wing structure, four within 
the nose section, with one being at each 
side of both engine nacelles, and two 
more aft of the monospar and inboard 
of the engine nacelles. Each tank is 
readily removable from the wing through 
a stressed-panel, secured by machine 
screws, in the wing skin immediately 
below the tank. The tank construction 
comprises a riveted fibre frame, similar 
in construction to a suitcase, and used 
solely to give shape to the tank, with no 
attempt being made to have a gasoline- 
tight frame. This tank frame is placed 
inside a special container, which can 
be best described as being a rubber en- 
velope with a large flap strapped over 
the top of the tank frame to completely 
inclose the tank. A thick blanket of 
synthetic crepe rubber is provided on 
the inside of this flap for sealing pur- 


poses. The self-sealing characteristics 


\ „Cloth patches 


Vertical fin attaching 
points 


of Horizontal tail structure. Holes pierced in skin sheets permit bolting of front beam. flanges for assembly 
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of the tank are obtained by using a lam- 
inar envelope construction comprising 

eg І f ашадык e | ? Outboard cover Inboard cover 
severa ayers Of pure rubber hei¢ )e- sheet assembly sheet assembly 
tween an outer layer of tough vulcan- 


ized rubber, and an inner-layer of gaso- 
line-resistant synthetic rubber. 
When this envelope is pierced by a 













Nose section 


bullet the normal resiliency of the rub- Access holes anchor nut 
ber layers is usually sufficient to close for front beam 

- fastenings 
the wound, and the slight seepage of 


fuel into the layers of pure rubber 
causes these to rapidly swell and tightly 
seal the puncture. The effectiveness of 
this type of construction is surprising, 


as firing tests have shown such tanks Sti ffener 
capable of satisfactorily sealing the 


punctures caused by several direct hits Leading 
of machine gun bullets concentrated edge 


within a small area. A self-sealing oil p. 
Stabilizer 
attachmer, 
holes 






Oversize 


Sfee/ washers . mc 
` 


Fine serrated 
surfaces permit 
fore & aft & verti- 
cal adjustment << 


А 





; ; Front beam 
Self-aligning lip section 


bushing 


Le 
LA 
x 


Rudder hinge A. 
cut-out Cast magnesium 
nose sections 


Steel bushing Vertical stabilizer is fitted with cast magnesium nose sections 
° socket 


_--- Stee/ bushing, ground 
to fit matching 


spherical radii Flat-head screw ---------... 


Large, thin washer 
counterpunched 
for flat-head screw 


--Two slots permit re- 
moval of bushin à 
when if is turned 90 





Section A-A 





Fore and aft and vertical adjustment pro- 
vided by oversize holes and serrated faces Clamping strips Jig- 
drilled to match holes 
in wing and fuselage : 
tank of similar construction is mounted pe 
within each engine nacelle. Each self- 
sealing tank is supported in a non-metal- 
lic frame by fabric straps. with the 


Flat- 
+ head 


obvious intent of avoiding damage from 


metal “orange-peel” caused by bullets. \ $ 
о оный — Couriers hae 
е « — e - cai anc 10r1- in wing skin with 
zontal stabilizers permits these to be | anchor-nut beneath 
manufactured rapidly and easily in 


quantity production. The basic struc- B 
ture of each comprises symmetrical 
halves, riveted and bolted together in 
an ingenious fashion. with a cast mag- 
nesium nose section being attached with 
flush screws; and can best be visualized 
by considering a conventional stabilizer \ 

divided longitudinally along its chord Dee 
line to form two symmetrical halves. 
with all rib and beam edges being 





flanged. These halves are manufactured Dimensional variation between wing tips and panels is compensated for by special 
as sub-assemblies and then joined by washers, shown at B. At A, oversize attachment holes in wing fillets and jig-drilled 
riveting through mating flanges around attachment strips save much fabrication and assembly time 
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the entire outside edge, with the flanges 
of the front beam being joined by bolts 
inserted through holes pierced in the 
skin sheets. 
closed by small cloth patches doped in 
place. The vertical stabilizer construc- 
tion is simplified by low applied loads 
which permit substitution of chord-wise 
hat-section stiffeners for the ribs. 

The structural units forming the aile- 
erons, rudder, elevators, and wing flaps 
are designed for economical production, 
with the majority of their parts being 
practical of fabrication by simple power- 
brake and punch-press operations. A 
power riveting machine could be used 
for quickly joining these units into a 
frame assembly of nose section, beam 
and ribs, preparatory to the final opera- 
tion of covering with smooth, flush-type 
fabric. 

The hydraulically-operated, slotted- 
type wing flaps extend from fuselage to 
aileron on each wing panel and are in- 
terconnected with the adjustable hori. 
zontal stabilizer to automatically trim 


The bolt access holes are 





Radio blind 
landing 
apparatus 








the ship to compensate for a nose-heavy 
condition resulting from the drag of the 
lowered flaps. A toothed rack, connected 
to the left-hand side bellcrank, engages 
a small pinion driving a cable leading 
aftward and connecting with a chain 
around the drive sprocket of a screw- 
jack which is hinged to the leading edge 
of the horizontal stabilizer. The arrange- 
ment is such that as the flaps are low- 
ered, the stabilizer leading edge is low- 
ered about two inches. Automatic wing 
slots are fitted to the wing leading edge 
to further reduce the landing speed by 
preventing wing tip stalling. 

Flight controls, in the form of conven- 
tional control stick, and rudder pedals 
with tow-brakes, are provided in the 
front cockpit only. All possible parts of 
the control system have been designed 
as bench sub-assemblies, permitting in- 
stallation of the control system in the 
form of a comparatively small number 
of units. 

The almost complete absence of lat- 
eral bracing structure within the fuse- 


Z-section formed on 
each end of this band 


Oxygen bottles (Filled 
through service 
connections ) 


Hat- section 
Stringers 


NS Hoist tube 


— Empennage 


control wires 


lage permits direct control system rout- 
ing, with a minimum of fairleads and 
bellcranks for the empennage control 
system. This system comprises steel- 
wire control for the rudders and ele- 
vators, and push-pull rod control for the 
trim tables. A system of bellcranks and 
push-pull tubes controls ailerons. 

The fuselage structure is a simple 
semi-monocoque type extending from 
nose to tailwheel bulkhead. The basic 
design is such that it is adapted to mass 
production. It is manufactured in sym- 
metrical halves, joined vertically along 
the center line to form the complete 
structure. These halves could be assem- 
bled in simple vertical jigs arranged to 
give the workmen free access to both 
exterior and interior surfaces of the 
half, thus tremendously accelerating 
production by eliminating the necessity 
of working in a close, cramped fuselage 
interior during assembly operations, 
permitting a greater number of person- 
nel on assembly operations. It is reason- 
able to believe that a majority of the 


Electrical wiring 
attachment brackets 


Fuselage structure divided Ж 
inte halves along vertical س‎ 
center line, tobe joined by 

riveting through top and E 
stringers اق و‎ 











-Flaf. sheets spru 


place form these bands —— 





al 
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Fuselage is manufactured in symmetrical halves and is joined by riveting along upper and lower centerlines 
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electrical wiring, plumbing and control 
mechanism within the fuselage is in- 
stalled in each half while it is still in 
the jig, and freely accessible. 

The fuselage structural design has 
bands of aluminum-alloy sheet about 19 
in. wide, with the edges of each alternate 
band being rolled over into a Z-section 
to form integral bulkhead rings. Bands 
adjacent to the formed sheets are simply 
flat sheets sprung into place, with the 
whole joined by flush riveting and 
joggled joints to form a structure free 
of internal bracing members. Reinforc- 
ing extends aftward from the nose sec- 





and an hydraulic actuating cylinder. 

The integral locks are in the form of 
segment rings encircling both ends of 
the actuating cylinder's piston, and ar- 
ranged to be forced into locking grooves 
at the cylinder ends by the action of a 
tapered cone inside each end of the pis- 
ton. These lock rings can be released 
only by hydraulic pressure forcing the 
locking cone into unlocked position 
when fluid is applied for reversal of the 
piston stroke, as no normal force ap- 
plied externally on the piston rod will 
dislodge the lock ring segments. A com- 
pressed air system provides for emer- 
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Hydraulic landing gear actuating cylinder. Half of knee strut shown at top 


tion bulkhead to the rear cockpit, and 
hat-section stringers extend the length 
of the fuselage. A main beam truss com- 
prising a T-beam lower member and a 
tubular upper member connects across 
the fuselage. Each skin sheet extends 
from the lower to the upper center line 
and the fuselage halves are joined in a 
final assembly operation by two rows of 
rivets passing through hat-section string- 
ers on the upper and lower center lines. 

A hydraulically-operated, fully- 
retractable main landing gear is used, 
with the landing gear “legs” being 
folded aftward and up into retracted po- 
sition within the engine nacelle lower 
fairings. and completely inclosed by au- 
tomatically operated doors, extending 
the length of the nacelle fairings. Actu- 
ation is accomplished by an hydraulic 
cylinder connecting to the center of a 
knee-structure, with the result that com- 
pression of the cylinder lifts strut and 
wheel into retracted position. The hy- 
draulic system uses a normal operating 
pressure of approximately 2,000 lb. per 
sq. in., and the landing gear mechanism 
is simplified by automatic locks, for ex- 
tended and retracted positions, built 
within the actuating cylinders. Thus, 
each landing gear installation comprises 
but a pivoted cantilever shock absorber 
strut and wheel assembly, a knee-strut, 
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gency actuating of the landing gear, 
with air stored in small cylinders at 
approximately 2.200 lb. per sq. in. 
pressure. Manually-operated hydraulic 
wheel brakes are used. The majority of 
the landing gear units are interchange- 
able, left with right. Standard tire and 
wheel assemblies are used. 

A simple, straight-forward power 
plant design is used for the Messer- 
schmitt Me 110, comprising an engine 
mount formed from four sturdy magne- 
sium forgings, each attaching to a fitting 
at the wing monospar. The complete 
power plant installation is readily re- 
movable from the airplane by discon- 
necting a few lines and control rods. In 
fact, the complete installation is un- 
doubtedly assembled as a unit, and then 
quickly connected to the wing during 
final assembly operations. 

All control rods and bellcranks are 
obviously standard parts, identical with 
those used in other German military 
aircraft, and of a type originally devel- 
oped by Junkers, wherein serrated faces 
on bellcrank levers are clamped between 
flanges on a torque rod or bracket bush- 
ing, to permit adjusting the lever or 
levers to the proper angle for a particu- 
lar application. Piping, end fittings, 
clamps, many brackets, and the like are 
also standard parts. This practice of 
standardizing all engine installation 
parts is greatly assisted by the fact that 





Hydraulic actuating cylinder for wing flaps 







Bushing inner member 
turned 90° into 
Position for 
removal 








Bushing swiveled to 
compensate for slight 
mis -alignment 


Self-aligning bushing, used extensively on the Messerschmitt plane 
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practically all German military air- 
planes are equipped with either a Daim- 
ler-Benz, or a Junkers Jumo engine, 
and both these have approximately the 
same overall dimensions, connections 
and control locations, permitting the use 
of identical mounts for either engine. 

Each engine drives a three-blade, elec- 
trically controllable propeller of about 
ll ft. diameter. These propellers are 
not a constant-speed type, and are con- 
structed quite differently from our Cur- 
tiss electric propeller, as each blade is 
provided with a worm sector and pinion 
near the blade root, with a spur gear on 
each pinion shaft meshing with a large 
ring-gear concentric with, and driven by, 
an annular-type electric motor mounted 
directly behind the propeller on the 
propeller support shaft. Connection of 
propeller support shaft to engine pro- 
peller shaft is through a flange coupling 
having mating flange faces deeply ser- 
rated so as to relieve the clamping bolts 
of shear load. An automatic electric 
timing device prevents engine opera- 
tion at take-off power for more than one 
minute at a time. 

A coolant radiator for each engine is 
provided beneath the wing, in positions 
immediately outboard of the engine na- 
celles and just forward of the wing 
flaps. Each radiator has an electrically 
controlled air exit shutter. The absence 
of a rear spar at these locations permits 


m 


Nue 


the radiators to extend upwards for the 
depth of the wing, greatly minimizing 
the exposed, or frontal area presented to 
the air stream. This fact, in conjunction 
with placing the radiators in a location 
where a disturbance of air flow will have 
slight effect on the wing efficiency, gives 
the ME 110 an extremely favorably cool- 
ant radiator installation. Coolant is a 
mixture of ethylene glycol and water. 
An oil cooler is mounted beneath each 
engine. 

Five machine guns and two cannons 
give the ME 110 terrific striking power 
as a fighter or as an attack airplane for 
strafing troop concentrations and trans- 
portation units. These same airplanes, 
as a matter of fact, were used during 
the Polish campaign to disorganize rail 
transportation, by flying along railread 
tracks and disabling locomotives with 
explosive shells from their cannon. Four 
fixed machine guns, of about .32 caliber, 
are neatly arranged on a deck in the 
fuselage nose section, with ammunition 
boxes providing about 800 rounds for 
each gun located beneath the guns. The 
20 mm. cannon are installed in the ex- 
treme lower portion of the fuselage 
beneath the pilot's cockpit, and fire 
through steel blast tubes extending 
through the lower portion of the fuse- 
lage nose section. Selective command of 
guns and cannon is through firing 
switches on the pilot's control stick. 
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20 mm. cannon and explosive shells, compressed air charged and electrically fired 
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Compressed air charging (cocking) and 
electric solenoid firing control is pro- 
vided for guns and cannon. The gunner 
is furnished with a single flexible ma- 
chine gun, of about .30 caliber, sup- 
ported in a universal mount for tilting 
and/or swiveling through a wide range. 
The gunner fires from a seated position 
in a swiveling bucket seat. 500 rounds 
of ammunition are supplied for the flex- 
ible gun. No armor plate is used in the 
airplane. 

Two bombs of the 250 kg. class can be 
carried on an external rack provided 
with electric control. This rack is 


quickly detachable ,and obviously is 

carried only on bombing missions. 
Electrical wiring is shielded through- 

out the airplane, for the obvious reason 










Kiveted construction. 


Fibre tank 
Structure -~__ 











Vulcanized 
rubber ~__ 


Raw 
rubber... 


Fibre - 


Y I 

ў ‘Synthe tic 
Molded plastic crepe rubber 
support cradle 





self-sealing 


Composite construction of 
fuel tank, supported on a plastic cradle 


that the saving in installation time pos- 
sibly by using prefabricated wiring as- 
semblies, joined by disconnect plugs and 
connector blocks, fully compensates for 
the increased cost of shielded wiring. 
Rigid conduit is used only for mechan- 
ical protection of the wiring, and very 
rarely, with junction boxes being con- 
spicuous by their absence. Fuses are 
entirely replaced by circuit breakers, 
which also serve as switches for their re- 
spective circuits. Wiring is secured to 
the airplane by narrow metal bands 
joined by a crimp, and passed through 
snap rings clipped into small channel 
members attached to the structure. 


Unfolded copies of complete 
Messerschmitt drawing may 
be obtained free upon a re- 
quest addressed to the Editor 
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Modern Des 
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Damped Springs Isolate Rotating Mass 


Severe unbalanced conditions, which result from 
non-uniform loading of the spinner basket, and 
which cause noise and vibration, have been elimi- 
nated in the new fully-automatic Westinghouse 
Laundromat by combining coil spring mounting 
with friction damping. Thus there is no need to 
anchor the machine to a special foundation, and it 
may be moved easily if necessary. Automatic cycle 
control dials are marked for type of material and 
degree of soil rather than for temperature and 


time. Interlocks prevent premature spinning. 


All-welded steel cabinet is bonderized and finished in 
baked white Dulux. Lint trap and driving mechanism are 
accessible through hinged panel at lower right. Loading door 
has glass window mounted in a one-piece stainless steel bezel; 
it is held against a molded rubber gasket on the tub by spring 
hinges. Soap chute is integral with glass window. Basket 
access door in upper panel serves as loading shelf when open. 


Vibration isolation is accomplished with steel coil springs 
at three points, two at front and one at rear, which support 
entire washing unit, including motor and pump. Damping is 
provided at five points, a minimum of two are effective in all 
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Double Amplitude of Vertical 
Vibration of Floor at Front 
Foot of Machine, Inches 


Kitchen-A — I4 ft. long x 7'/a f. wide in new house 
Joists 2x 7'2 in. on l6in. centers 


Joists 7 ft. long parallel to shorter wall 


Kitchen-B 142 ft. long x 4 ft wide in old farm house 
Joists 2x10 in. on 20in. centers. Joists 20 


ft. long parallel to longer wall 


Machine in center of floor 
Machine near center of longer wall 
Machine near center of shorter wall 


Position - 1 
Position -2 
Position - 3 


modes of vibration. Round molded brake lining shoes rub on 
chrome-plated steel surfaces. Shoes are mounted on end of 
leaf springs. Curves show results of field tests on vibration 


damping properties. 
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When switch arm is in 
up position as shown Swit ch 
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Water level is automatically controlled. A vitreous enam- 
eled steel chamber is suspended on springs to eliminate fric- 
tion losses which would introduce variation in the water 
control. Connected to the bottom of the tub by a rubber hose, 
the chamber when filled to adjustable height actuates a snap- 
acting switch through a bracket arm arrangement, shown at 
right. Level of water can be adjusted by proper positioning 
of upper spring. 





Timer, heart of the automatic control, is a micarta cam and 
contact arrangement driven by a synchronous motor through 
an escapement mechanism that permits 5 deg. rotation of the 
cam shaft at 45 sec. intervals, thus providing snap-acting con- 
tact operation. Timer is connected to operating elements with 
unified wiring harness. Timer controls introduction and 
draining of water, giving washing cycle of 21 min. Also 
changes basket rotation from 52 r.p.m. for washing to 500 
r.p.m. for centrifugal extraction. 





Coil complete, __-Lock-washer 





~--Intensifer washer 
~--Intensifer spacers Temperature and flow of water is regulated by an auto- 


matic mix and fill valve. Temperature regulation is obtained 
by dial adjustment of spiral bimetallic element to the type of 
material. Dial, mounted on front of cabinet, operates on hot 
and cold lines through balanced orifice arrangement. Filling 
circuit and high-speed operation of the basket are interlocked 
through the fill switch controlled by the water weigher. Pre- 
mature spinning is prevented by an interlock with fill switch. 


rC oil leads 


Seat washer 


Mix and fill valve assem bly 
(Continued on next page) 
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MODERN DESIGNS - Automatic Washer (continued) 


Shifter ring 
(No.3 Zamak | 
al/oy-d/e cast). d 


— ——— 


S/eeve 





Spicer | 
(cas? iron )-- ; RAS 
гт RBS 
Planet gear------- Ma » 25 


(cast iron) / ‘Roller 


travels in 
helical slot 
in shiffer ring 


Internal gear” 


Two-speed planetary gear ar- 
rangement, V-belt driven by a 14 hp. 
washing machine motor, rotates basket. 
In high speed ring gear is free and spi- 
der which carries planet gear is clutched 
directly to high speed pinion, clutch 
having been engaged by thrust spring. 
When solenoid is de-energized, the shift- 


“Clutch 
“Broking surface 





High-Speed Setting 


ing ring moves axially, because of roller 
in slot, bringing braking surface in con- 
tact with ring gear flange, and disen- 
gaging the high speed cone clutch. Brak- 
ing slows basket to 52 r.p.m., obtained 
by pinion driving planet gear which 
turns spider around common center, 
while internal ring gear is stationary. 


Frictiona/ damper 


`2 


v 


Welded steel ` 


Aluminum---" 


. ting au ا‎ 


^"Sfee/ clamping 
ring holds two 
drawn sfee/ 

halves of oufer 
tub watertight 


Aluminum ring 
bolted and gasketed 
fo transmission housi 
by six bolts threaded 
into blind hole: 




















High speed operation for drying, 
500 r.p.m., can only be obtained when 
solenoid circuit is energized by the pro- 
gram timer. Similarly the drain pump 
operates only when idler pulley, sole- 
noid-actuated, forces V-belt over against 
pulley. Since hose discharges at a point 
above the normal water level in the tub, 
gravity draining is prevented thus elim- 
inating need for valves in drain system. 


Complete planetary drive assembly runs 
in bath of S.A.E. 20 oil. Front of hous- 


ing is cast iron, rear is drawn steel. 


Two vitreous-enameled drawn 
steel halves of the outer tub are as- 
sembled with a molded rubber gasket 
between and a steel clamp ring drawn 
down over the flanges. 

The basket in which clothes are 
washed, rinsed and dried is drawn of 
heavy-gage steel, welded into a one- 
piece body, porcelain enamel finished. 
Four deep vanes, drawn into sides, and 
a domed bottom are designed for 
strength and rigidity. Perforations in 
wall (960 holes, 7/32 in. diameter) are 
countersunk. 

Two seal glands, one of which is held 
in place by an aluminum ring and the 
other pressed directly into the front 
housing, are placed between outer tub 
and drive. Gaskets are also placed on 
either side of the outer tub. Hub socket, 
which receives the drive sleeve, is 
welded through two diaphragm plates, 
which in turn, are welded around their 
outer circumference to shoulders on the 
basket. A heavy drive pin within this 
socket mates with the slots in the drive 
sleeve. 
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Heater Does 


Indirect heating arrangement in Allis-Chalmers home con- 
ditioner makes the same unit available for winter heating, 
summer cooling, and for year-round hot water supply. Small- 
est size, shown above, is rated at 70.000 BTU when using 
either oil or gas burner. Lower cabinet containing burner and 
boiler is connected by circulating pipes to heat dissipating 
radiator in upper cabinet. Suspending upper unit from ceiling 
simplifies duct connections, reduces floor space required. 


Square fn. Seamless steel tube-, 
/ 


Hot 
tair ! 


! ! 


t ! t 
"Seamless stee/ tube OIL OR 
GAS 


Relatively thin seamless steel tubes 
form the boiler surface of the heating 
units, These are finned to increase sur- 
face area exposed to heat. In the coal 
fired units, square steel stampings 
welded to the round tube make satisfac- 
tory fins because the dry soot can be re- 
moved easily. In oil or gas fired units 
continuous fins stamped from flat plate 
are welded along the length of tube 
keep air flow smooth and make removal 
of oily soot easy. 
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Thermomefer- - 


immersion __ 
aquasfaf 


Clean-out door- 
Hot water boiler 


Observation door 


Burner- -- 


Boiler drain va. 


Supply 
duct ج‎ 


| Rubber cob. support 
2 Cold water supply valve 
3 Hum. pan float valve 


in boiler as shown. 


Kod'afor 
valve: 


Triple Duty 


Expansion g 
Cold water Yank 3 
discharge.. a 











е2.) 


7 Service water heater 
8Combustion chamber 
9 Blow-off valve 


& Humidity pan 
S Gate valve 
6 Boiler tubes 


Cold air is drawn from rooms through spun glass filter by 
centrifugal blower and circulated through radiator twice by 
baffles. For summer cooling, gate valves are closed and city 


tap water continuously passed through radiator. Double pass 
of air through radiator gives maximum cooling for minimum 


amount of water. Air is dehumidified by condensation of mois- 
ture on radiator. Hot water is provided by copper coil placed 


Baffles are of chrome or silicon steel. 


Storage 
tank 


7 Bellows damper ‘Pipe 
‘Bk regulator 


fi 
| Propeller type » 


blower (2speed) 


Air conditioner- 


Humidity pan 
A) oat, se 


Humidity pan 
heating coif- 


Humidity pan--- 





Similar principle is used in coal 
fired units (80,000 and 100,000 BTU) 
which are equipped with gravity feed 
hopper. Tubular type boilers, which re- 
quire a comparatively small amount of 
water, are used. Temperature of water 
is kept constant with aquastat control 
while room temperatures are maintained 


* Can also be provided with 
centrifugal type blower 


by thermometer control of blower opera- 
tion. Either large blade low velocity fan 
or centrifugal blower is used depending 
on heating capacity of the furnace. Hu- 
midity pan heating coil is regulated 
to give correct moisture automatically. 
Draft opening is V-shaped and slide is 
adjustable to desired proportion of air. 
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MODERN DESIGNS - Integral Castings for Strength 







= 
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Cover for V-belt 
drive from 
motor 


"mes. 


Back gear 
Feed 


Rapid traverse 


Outboard table supports are. cast 
integral with the bed of Defiance hori- 
zontal boring mills, leaving only 3 in. 
overhang at each end of the table on the 
larger machines. Bed. column, back 
rest, head, saddle. speed and feed boxes 
are semi-steel castings, A.S.T.M. No. 35 
iron containing 30 percent steel and 1 
percent nickel. Table casting contains 
Mayari iron, chromium content of which 
gives hard close grained surface capable 





Main ways 
Supports 
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Mofor base 


Outboard 
Support 


of sustaining a fine polish. Bed casting 
is ribbed as shown with supports for the 
two main bed ways. Hardened and 
ground wear strips are used for out- 
board bearings. Way surfaces are hand 
scraped and protected by scrapers and 
felt oil seals. Openings at wider end of 
bed castings are for speed and feed gear 
boxes. Tail block, boring bar support. 
slides on vee ways. Tail block is bal. 
anced by equal weights in each side of 


Feed box 
opening 









Speed box 
opening 


Hardened 


strips 


Counter balanced 
Fail block 


and ground 


the column. Counter balanced spindle 
head unit is hand-scraped for a precision 
bearing with column; it is clamped be- 
tween dovetail way and front edge of 
column ways. Low speed for large di- 
ameter milling and boring is obtained 
through an additional unit which drives 
a large gear on the front end of the spin- 
dle sleeve. thus reducing heavy torsional 
loads. Spindle center line clearance is 
1% in. in low speed. 
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High-low speed 
Thit /ever 


V-be/t guard 


Mofor 
bracket 


Speed 
box 





Chain drive for rapid traverse 


V-belt is used between 744 hp., 1.200 
rp.m. motor and speed-box. Main 
clutch is a double Twin-Disc type run- 
ning at a speed of 450 r.p.m. Clutch 
shaft drives lubricating pump and chain 
drive to rapid traverse shaft. The posi- 
tive six-jaw double feed clutch for feed- 
ing in both directions is broached to fit 
six-splined clutch shaft. Rapid traverse 
double Twin-Disc clutch disengages on 
release of pressure from the operating 
lever. Direction of lever motion controls 
direction of rapid traverse. Vertical 


drive shaft to head is driven by bevel 
gear. This alloy steel shaft drives hard 
bronze gear in head. 
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Spindle 
reverse 


Dial 
indicator 





Saddle is guided on inside edge of bed 
ways and is gibbed to bed by a square 
lock method. Outboard bearings with 
tapered gibs allow adjustment for wear. 
The two ways supporting the plates are 
cast in one piece for rigidity. Table has 
cross travel equal to its length and when 
clamped is held against front guide 
ways. Center line of spindle travels to 
1, in. below level of table top. Bed, sad- 
dle and table ways and head ways are 
lubricated by a central system and head 
unit is automatically lubricated Ьу 


Heat-treated and forged spindle 
sleeve, Timken bearing-mounted, slides 
in cast iron bushings front and rear. 
Bearings are zero precision, two single 
815 in. O.D. at front and one double 715 
in. O. D. at rear end. Close fit is 
achieved by heating bearings in oil be- 
fore assembly and letting them cool in 
place. Main spindle drive is designed to 
provide high-speed range of 20 speeds 
from 12 to 1.000 r.p.m. and with low- 
speed unit 20 speeds from 4 to 320 
r.p.m. Six-splined. heat-treated S.A.E. 
4140 shaft from speed box passing 
through hard bronze gear drives the 
head unit. Upper end of speed shaft is 
supported by bearing in bracket at top 
of head column. Spindle can be re- 
versed without reversing feed. Spindle 
feed is through vertical shaft from feed 
gear box. Twelve feeds range from 
0.0016 to 0.490 in. per revolution at 
high-speed setting to 0.0047 to 1.524 in. 
with low-speed arrangement. Power 
comes to the first sliding gear splined 
shaft through a safety clutch in speed 
box. This shaft carries two sets of two 
cluster gears controlled by two inter- 
locking levers at right end of box. Sec- 
ond sliding gear splined shaft carries 
one cluster of three gears controlled by 
vertical lever at right-hand corner of 
box. Fast travel is transmitted through 
flexible coupling. Fast travel and feed 
levers are interlocked so that both can- 
not be engaged at the same time. 


Rod supports 


Wear 
adjustment 


pump. All shafts and gears are made of 
S.A.E. 4140 heat-treated steel. All 
gears are 8/10 pitch. Table is con- 
structed to take dial indicators. Feed 
can be disengaged at any point and is 
automatically disengaged when the ex- 
treme limit of travel is reached. The 
fine hand feed on the spindle has a 
dial graduated in thousandths. All heli- 
cal gears in head drive are shaved for 
precision. Clutch in speed box is access- 
ible for adjustment and can be removed 
without disturbing other elements. 
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MODERN DESIGNS - New Uses for Materials 


Stainless 
Sfee/ 


\ 


Priorities on metals have particu- 
larly affected the home appliance in- 
dustry, large user of aluminum and 
stainless steel. Shortage of these two 
materials has resulted in their being 
replaced by plastics, low-cost steels or 
cast iron coated with vitreous enamel 
and other less restricted materials. 
Many changes are still on the drawing 
board or just getting into production. 
Kelvinator early this year replaced its 
stainless steel evaporator door with one 
of porcelain finished steel, stainless 
steel trimmed. Also, the inside panel 
of the refrigerator door is now made 
of laminated plastic. White surface is 
baked on, giving extra cure to the plas- 
tic to eliminate possibility of fading or 
yellowing. 

More recent change by Kelvinator was 
to replace stainless steel evaporator 
with one of porcelain enameled steel. 
Design was changed eliminating cross 
tube to header in each wall of previous 
model evaporator. In new design re- 
frigerant enters top shelf, passes 
through right wall, through bottom 
shelf to left wall. 
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Porcelain 






Aluminum ice trays, now limited to 
two in refrigerators of 6-10 ft. capacity, 
have been replaced by tinned copper 
trays with rubber grids. Rubber is 
treated to eliminate tarnishing of tinned 
surface. Co-efficients of thermal con- 
ductivity of the metals are: copper, 
2,680; aluminum, 1,380; tin, 440. Ex- 
periments are still under way on steel 
and porcelain trays. 

Glass shelves, in service for the sec- 
ond year, require steel only for framing. 
By leaving a space between back of 
box and edge of shelves cold air circu- 
lation ‘is good. The glass shelves are 
also easy to clean. 

Door is sealed by “balloon-type,” live- 
rubber seal. A stainless steel band 
frames the door opening and is designed 
to eliminate projecting screw-heads. 
Box has welded one-piece sides and top 
cabinet, rust-proofed and baked enamel 
finish. Interior box is one-piece porcelain 
with rounded corners and acid-resistant 
bottom. Refrigerating unit is spring and 
rubber mounted in steel housing. Sec- 
ondary cooling coils are in the walls 
of the “Freshener.” 





_-7 Resilient washers . 
n № 


New design eliminates tube 
across freezer compartment 
v 


m y = T 
CODE : 


Vv 
Refrigerant circulates through 
top and bottom shelves 


MI Evaporator 


FORMER 
DESIGN 





‚ее! cross braces 
4 
/ 


\ 
Kedesigned 
evaporator 





NEW 
DESIGN 





Coupling for electrical conduit made 
from short lengths of welded steel tub- 
ing is being used by one manufacturer 
as an alternate material for compara 
tively heavy cast pipe couplings. The 
male portion of the coupling is formed 
from 11%-in. length of 11% in. diameter 
—15 gage welded steel tube. The cen 
tral section is expanded to » 1!4 in 
maximum outside diameter and then 
pressed to hex shape. 
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Screw machine products turned from steel, brass or aluminum bar stock. 
alloys, but for most pieces not with equal economy. If die-cast, supplementary machining would be required on some parts 





Shapes could be duplicated by die-casting in non-ferrous 





DIE-CAST PRODUCT OR 
SCREW MACHINE PRODUCT - Il 


N THE first installment of this 

article, which appeared in the 

June number of PRmopucr Ewci- 
NEERING, consideration was given to fac- 
tors that involved materials and their 
properties. In this part of the article, 
factors will be discussed that are closely 
associated with production technique. 


DimensionaL Accuracy. In general, if 
à comparison be made between the cast- 
ing “as-cast” and the screw machine 
product, the latter has a slight edge 
over the die-casting in respect to the 
tolerances which can be held. If, how- 
ever, the die-casting be machined it can 
be held within the same dimensional 
limits as the screw machine product. 
Between points formed in solid integral 
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parts of the die, the usual “as-cast” lim- 
its on die-castings in zinc alloy are plus 
or minus 0.001 in. per in. plus whatever 
drafts are required. If, however, the 
measurement be across a parting line or 
is affected by clearances in die-parts 
having relative motion, plus or minus 
0.003 or 0.004 in. is commonly allowed 
in addition to the foregoing tolerance. 
The limits are slightly wider for alumi- 
num and for magnesium alloys, and 
somewhat wider still for alloys based on 
copper. There is, of course, a chance 
for further variations at the parting line 
unless the flash formed be trimmed or 
machined with considerable accuracy. 

On screw machine products, the gen- 
eral commercial practice is to hold 
diametral dimensions when marked in 


decimals to within plus or minus toler- 
ance of 0.002 or 0.0025 in., and within 
plus or minus 0.003 in. on lengths unless 
closer dimensions be specified. If speci- 
fied, diameters can be held to plus or 
minus 0.001 or even 0.0005 in. but this 
requires extra expense. Drafts needed 
on die-castings are not required on 
screw machine products, although ma- 
chining is facilitated if shoulders are 
tapered rather than square. 


SURFACE SMOOTHNESS. Tool marks, 
usually left by roughing cuts on screw 
machine products, can be removed by 
shaving, skiving or burnishing. Die- 
castings as cast in most alloys can have, 
when required, surfaces so smooth that 


they take a high buffed polish. Both 
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die-castings and screw machine prod- 
ucts can be produced with surfaces 
that require little polishing and only 
moderate buffing in preparation for 
plating. 


APPEARANCE involves so many factors, 
some of which are intangible, that gen- 
eral conclusions are not easy to make 
and may be of doubtful value. Most 
screw machine products have consider- 
able luster whereas the die-casting is 
usually frosted. Both types of products 
tarnish after a time when exposed to the 
atmosphere. Other factors such as cor- 
rosion in service, and especially the 
rusting of steel, affect appearance often 
in a marked degree, but comparisons in 
this regard do not permit of satisfac- 
tory generalization. Shapes such as are 
here compared may be identical, but it 
is possible to produce in the die-casting 
certain variations in surface contours 
usually not feasible in the screw ma- 
chine product that may have a marked 
effect upon appearance. 


Costs oF APPLIED FINISHES are, in gen- 
eral, about the same for the two types 
of parts, but may favor the screw ma- 
chine product slightly in some instances, 
especially when an unusually smooth 
surface is needed as for plating, or when 
considerable grinding is required to re- 
move marks at parting lines on the die- 
casting. Die-castings are sometimes sub- 
ject to slight surface porosity and often 
to some sub-surface porosity which may 
cause trouble in finishing, especially if 
high-temperature baking is required. 
With proper care in casting and in die 
construction, as well as in selection of 
finishing materials and baking sched- 
ules such difficulties can be overcome. 


PRODUCTION Rares for the die-casting 
are likely to exceed considerably those 
for the screw machine product. For 
small parts, similar to those produced 
by screw machines in general, the die- 
casting machine for zinc alloys runs 
about 200 to 300 cycles an hour mini- 
mum with some machines running up to 
or exceeding 1,000 cycles an hour. 
Moreover, especially if total require- 
ments are large, the die frequently has 
several cavities. In machines equipped 
for using unit dies, several dies can be 
run simultaneously. The machine cycles 
cited apply to zinc alloy in par- 
ticular, the rate may be cut to one-third 
or one-fourth for alloys of higher melt- 
ing point. It should be noted, however, 
that the rates given are for casting 
only and do not include fin removal or 
any machining, both of which involve 
separate operations after casting. 
Rates of screw machines vary from 
about 30 to about 3,600 pieces per hour 
per machine, depending upon the size 
of piece, type of material used. number 
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of spindles, and also upon the number 
and character of operations required. 
Often the piece is completely finished 
and ready for use, but for some parts 
secondary operations are required. 


TooriNc Cosrs are likely to be higher 
for the die-casting than for the screw 
machine product, partly because it is 
necessary to make a die and usually 
tools for flash removal. For the screw 
machine product it is possible to use 
standard tools; when special ones are 
needed their cost is likely to be less 
than that of the die required for cast- 
ing, although there may be exceptions, 
especially if special cams for actuating 
the screw machine tools are needed. 
Considerable time and expense are often 
involved in keeping screw machine tools 
sharp, and also in the maintenance of 
dies and trim tools for the die-casting. 
For the most used zinc alloys the main- 
tenance on dies which are properly 
made is low, even for long runs; for 
alloys of higher melting point, espe- 
cially for brass, the cost of die mainte- 
nance increases considerably. 


Lasor Cost is generally higher for the 
die-casting because die-casting machines 
are not completely automatic, also flash 
must be trimmed and often other ma- 
chine work must be done on each piece. 
Although the screw machine is fully 
automatic, some attention is required to 
check parts as to size and finish and 
when adjustments must be made expert 
set-up men are needed. Set-up time 
averages about 4 to 8 hours on multiple- 
spindle screw machines and around 24% 
hours for single-spindle machines. Die 
changing on most casting machines does 
not require labor so highly skilled as 
for screw machine set-up. Casting die 
changing ranges from about !5 to per- 
haps 4 hours with the average around 
2 hours for dies of the size needed to 
make parts such as the screw machine 
commonly turns out. For the die-casting 
extra time is required, as a rule, to 
set-up trim dies in a punch or arbor 
press. Special set-ups in other machines 
may also be needed for either die-cast 
or screw machine products if secondary 
operations are required. 


MarERIAL Costs generally favor the 
screw machine product provided soft 
steel rod or other low cost steel rod can 
be employed and that the loss in scrap 
is low. If seamless steel tubing, special 
alloy steels, or non-ferrous metals are 
required for the screw machine product, 
material costs are likely to favor the 
die-casting. Ingots for castings are 
lower in cost than corresponding non- 
ferrous wrought alloys. 


WASTE IN Scrap is lower with the die- 
casting than for the screw machine prod- 
uct because the former is produced close 











to actual size, with holes cored and wiih 
diameters as required. Gates, sprucs, 
flash and chips, as well as rejects are 
remelted and reused without substantial 
loss. Whether bars or tubes be used !or 
the screw machine product, considerable 
metal is usually machined away. Steel 
scrap has a low value or none at all, 
Non-ferrous scrap sometimes brings 
about one-third of the cost of the 
wrought material. Although scrap sal- 
vage may pay for the cost of machining 
on the piece, the loss is still an impor- 
tant factor in over-all cost. 


Macuininc Costs for either product de- 
pend, of course, upon the number and 
character of operations needed to meet 
specific requirements. Machining, how- 
ever, always represents a considerable 
part of the cost of the. screw machine 
product. Primary operations, however, 
are done rapidly and at low cost. Sec- 
ondary operations may cost as much or 
more than on the die-casting. Die-cast- 
ings, on the other hand, always require 
flash removal and often machine opera- 
tions done on the part increase the cost 
considerably. 

Zinc alloys and magnesium alloys 
used in die-castings machine as freely 
as brass in wrought form. Some alumi- 
num alloys also machine freely, but 
others are intermediate in machining 
properties, as are some die-cast brasses, 
Certain brass die-castings are rather 
hard to machine. In general, the differ- 
ences in machining properties of die- 
castings and of non-ferrous wrought ma- 
terials are slight, but for average pieces 
die-castings machine more freely than 
the ferrous materials used for screw 
machine products. 


CONCLUSION. Many factors should be 
weighed in arriving at a choice as be- 
tween die-castings and screw machine 
products. Specific requirements often 
bar the use of one or the other. How- 
ever, when either can be used, prices 
should be secured on both and then the 
one selected which promises to meet 
general requirements best. Study of the 
accompanying specific examples may 
provide some indications as to the 
weight to be assigned to the various 
factors. 

Existing conditions in the metal work- 
ing industry have prevented the author 
from securing more specific or an equal 
number of examples giving comparative 
costs favorable respectively to the screw 
machine product and to the die-casting. 
If accompanying examples appear more 
favorable to the die-casting than to the 
screw machine product, this is a coinci- 
dence and not intended since repeated. 
though unfruitful, efforts were made to 
secure examples in which costs are more 
favorable to the screw machine product 
than are those in the example: cited. 
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Threaded retainer ring with holes 
for spanner wrench was initially pro- 
duced on a screw machine at a cost 
of 18 cents per piece; no data as to 
material used or tooling cost is obtain- 
able. The ring is now die-cast in lots 
of 1,000 at a cost of 3.5 cents per piece. 
The two-cavity die used cost $98. On 
the die-cast part, a 16-pitch thread is 
cut on the outside diameter at a cost 
of 1.5 cents per piece, making the total 
cost 5 cents per piece. No other ma- 
chining is needed. Neither the die-cast- 
ing nor the screw machine product re- 
quires an applied finish. The chief ad- 
vantage claimed for the die-casting is 
its lower cost. 
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Screw Machine Product Die-cast Product 





Sprocket with hub originally pro- redesigned to avoid the undercut neck, saved $100 on the first order for 33,000, 


duced by screw machine from brass the piece was die-cast in zine alloy, besides paying for the die, and $300 on 
pinion rod in lots of 33,000 at a cost of using a two-cavity die costing $205. each subsequent reorder. Drilling and 
1.7 cents per piece, of which 1 cent rep- Piece cost was thereby reduced to 0.7 tapping of setscrew hole in hub is 
resented the cost of material. Nickel cents; black nickel plating is applied understood to have been included in 
plating cost 4 cents per pound. When costing 2 cents per pound. Redesign the cost figures given above. 


Ratehet wheel with hub is produced 
in die-cast form from zinc alloy in lots 
of 10,000, the piece price including all 
machining required being 3.9 cents, the 
weight being 1.04 oz. Production is in 
a six-cavity die, five of the cavities being 
for other small parts of the same ma- 
chine, produced simultaneously. An es- 
timate, made by the screw machine de- 
partment of the same company which 


produces the die-cast part, of the cost of 
manufacture by screw machine from 
free machining steel costing approxi- 








2 holes” | ( 
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Spark plug shell of standard 14-mm. 
size is produced from S.A.E. X1112 steel 
13/16-in. hex bar stock, costing 4.5 
cents per pound, in multiple-spindle au- 
tomatic screw machines at the rate of 
900 pieces an hour. In lots of 10,000 
the cost is 3.75 cents per piece, and the 
application of a blued finish costs $1.25 
per 1,000 pieces extra, making the total 
cost 3.87 cents per piece. If tooling cost, 
which is $50, be added the total cost 


in lots of 10,000 is 4.37 cents per piece. 
A die-caster estimates that this shell, 
produced in S.A.E. 903 zinc alloy cost- 
ing 10.25 cents per pound, will cost 2.5 
cents per piece in lots of 10,000, with- 
out an applied finish. Die-casting would 


be done at the rate of about 500 pieces 
an hour using a two-cavity die estimated 


to cost $255. The piece price includes 
removing the flash and chasing the 
thread as supplementary operations. To- 
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Hollow tapered plug produced in a 
multi-spindle screw machine from 
S.A.E. X1112 steel bar, costing 4.5 cents 
per pound, at a net cost of 7.76 cents 
per piece in lots of 100,000, or 10.52 
cents per piece in lots of 10,000. The 
piece is finished in one cycle of the 
machine except for removing the burr 
thrown into the hole by cut-off tool, 
which requires a supplementary opera- 
tion included in the stated cost. Data 
on tooling cost is not given, but if a 
figure of $50 be set arbitrarily, the total 
cost including tooling would be 7.81 
cents per piece in lots of 100,000 and 
11.02 cents per piece in lots of 10,000. 
Including an allowance of Y$ in. of 
metal for cut-off, approximately 0.95 
pound of steel per piece is required. A 
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3rd Position — 
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4th Position — 
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die-caster gives the following estimate 
on producing this piece from zinc alloy 
costing 10.25 cents per pound, the ap- 
proximate net weight per piece being 
0.30 pound, making the material cost 
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tal cost, including die cost, for 10,000 
die-cast shells is thus 5.05 cents per 
piece. If, in both types of part, piece 
cost remains unchanged and lots of 
100,000 were required, the total cost, 
including tooling, would be 2.75 cents 
per piece for the die-cast shell and 3.92 
cents per piece for a shell produced on 
the screw machine. The screw machine 
product would be stronger and prob 
ably slightly smoother, and would also 
withstand higher temperatures in serv- 
ice. Spark plugs with die-cast shells, 
however, have been used successfully 
at least on an experimental scale in 
water-cooled engines. Although the steel 
shell weighs 7& ounce in finished form, 
it requires 344 ounces of hex steel rod 
costing 0.983 cents to produce it, no 
allowance being made for a small credit 
for scrap recovery. As against this, the 


die-cast shell would require 54 ounce of 


zine alloy, costing 0.481 cents, with 
scrap loss substantially nil. Thus, al- 
though the steel costs less than half as 
much per pound as the zinc alloy, the 


larger amount of steel required brings 


the material cost per piece to more than 
double that for the die-cast piece. 


slightly lower than for the steel used in 
making the screw machine product. The 
piece price, presumably including profit, 
is 7.0 cents per piece in lots of 10,000 
and 6.75 cents in lots of 100,000. The 
charge for a two-cavity die for casting 
this piece is $295, making the total 
cost, tooling included, 9.95 cents per 
piece in lots of 10,000 and 7.045 cents 
per piece in lots of 100,000. Included 
in this price is the cost of cutting the 
recess back of the thread and facing the 
adjacent shoulder as well as chasing 
the external thread and tapping the in- 
ternal thread for Class 2 fits. Machined 
surfaces would be as smooth as for the 
screw machine product, but other sur- 
faces would have a normal die-cast 
finish. 
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Steel pin, used in a hinge joint, was 

E heat-treated to 150.000 1Ь. рег sq.in. 
and had a spacer shrunk on the center 

portion. The spacer was heated to about 
800 deg. F., slipped over the pin and 
| allowed to shrink in place. Failures 
| began to occur in the pin at the end of 
2- the spacer even at nominal loads for 
| 
| 


I 


which the pin was presumably over- 
strength. An analysis of the problem 
indicated that the shrink fit produced 
a peak stress of some 70,000 to 80,000 
| lb. per sq.in. in the pin at the end of Stress Diagram 


‚|| the spacer thus reducing the assumed E ЕЛ 
ud strength by half. This problem was АЁ q 





Spacer Shrunk on pin 


Forged side rod on a locomotive failed through fatigue 
cracks which started in the weld at one end of the stop-plug. 
The plug hole was drilled diagonally with the object of 
reducing concentrated stresses, but evidently there were 
highly concentrated stresses either within the weld or at the 
line of the first threads. The welding was done with an 
acetylene torch, which may have left residual stresses. To 
prevent failures of this kind, careful welding is necessary. 
Also, in drilling and tapping, the surfaces are left in a work- 
hardened condition, creating a starting point for fatigue 


cracks. This work-hardening should be removed by heating 
the surface up to 1.100 deg. F. Also avoid sharp edges. 


„Thin Sheet steel 


---- Pin-holes showed 
up in enamel! over 
soldered joint. 

Now welded 


Dry cleaner cover 


Thin sheet metal top rounded section of the cover for a 
dry cleaning washer was originally joined to the cylindrical 
side section by soldering. However, after the parts were 
enameled, pin holes showed up in the enamel along the full 
length of the seam. The flux used in the soldering job was 
causing the pin-holing, investigation disclosed. Since it was 
difficult to remove the flux without expensive procedure, seam 
welding was adopted for joining these two parts, and no more 
trouble was experienced. 


BIGGEST PROBLEM in starting aircraft 
engines is not when cold, but rather 
when the engine is hot. One light engine 
manufacturer found a 6-volt battery ade- 
quate for laboratory tests, but it failed 
to start a hot engine in service. Little 
improvement resulted from mounting 
the battery near the starter so as to 
decrease voltage drop. Consequently, 


‘stee/ pin experiments were made with 8, 10 and 
heat-treated 12-volt batteries. The 12-volt system 
to [50,000 Ib. 2- e 

per Sg. in. finally adopted gave positive cranking 


even when the engine was too hot to 
operate properly after starting. 


| pe by forging the pin and upsetting \Stress of 70,000-80,000 
| e center portion to get the desired rode in. caused by PRODUCT ENGINEERING will pay a minimum 


spacer effect, then heat-treating the pin 
dl to 150,000 Ib. per sq.in. tensile strength. 
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of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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Thermoplastic extrusions, some of which are helically coiled around forms, rods 










or wire by the Schwab and Frank process 
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EXTRUDED PLASTICS 
New and Unusual Die-Formed Shapes 


HE POSSIBILITY of shortages 

in metal strip has recently fo- 

cused designers' attention on con- 
tinuously extruded plastics. Although 
not new, the extrusion process has un- 
dergone considerable development in 
the past year. Shapes in almost any 
length, ranging from flat strips, rods, 
tubes to pieces of various cross-sections, 
are now available. 

Almost any thermoplastic can be ex- 
truded provided proper equipment and 
technique is employed, but to date the 
principal materials extruded are cellu- 
lose acetate, cellulose acetate-butyrate, 
ethyl cellulose and vinyl acetate. Choice 
of material depends on equipment, serv- 
ice factors and cost. 

With cellulose acetate it is possible 
to extrude strips from which blanks can 
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be immediately stamped for subsequent 
swaging or fabrication as required. The 
particular advantage of the procedure 
is that the scrap from the strips can be 
granulated and fed again into the hop- 
per of the extrusion machine, making 
the utility value of the material substan- 
tially 100 percent. Scrap from pur- 
chased plastic sheeting, on the other 
hand, has a market value representing 
only a fraction of original cost. 
Cellulose acetate-butyrate 
about one-half as much moisture as that 
absorbed by cellulose acetate plastic. It 
contains less plasticizer for a given flow 
than does cellulose acetate material, 
thus providing superior dimensional sta- 
bility of the extruded product, particu- 
larly under conditions of varying tem- 
perature and humidity. 


absorbs 


Best results in extrusion are obtained 
with relatively hard flowing material; 
the harder the flow the quicker the 
set-up. The hardness of flow and the 
effectiveness of the cooling device will 
determine the concentricity of the ex 
truded plastic tubing. 

As the illustrations show, extruded 
shapes often have “tracks” of channel 
shape or C-shape to receive other parts. 
Rolled metal strips are sometimes ap- 
plied after extruding to add strength 
and stiffness, to provide fastening means 
or to prevent warpage of the part in 
service. 

Tracks can be on the exposed side of 
the strip to receive plated or polished 
metal or extruded plastic strips in 4 
contrasting color. A great variety of 
decorative combinations can be secured 
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in this way. Another and promising 
application is the use of extruded plas- 
tic inserted in slots formed in rolled or 
extruded metal sections. The extruded 
plastic, being flexible, can be bent or 
shaped to various contours. 

Fastening is done in various ways. In 
one type, a metal strip is held in an in- 
tegral track on the back of the extruded 
plastic. The metal is punched to form 
prongs. Corresponding holes in the 
panel receive the prongs. An alterna- 
tive is to provide threaded studs with 
flat elongated heads that fit the track. 
The studs can be slid along to conform 
to hole spacing. The elongated head 
prevents the stud from turning in the 
track. If the back of the panel is not 
accessible or a snap fastening is de- 
sired, spring clips made from wire are 
used in place of threaded studs. These 
clips spring outward after passing 
through the holes; they can be obtained 
in shapes which make possible removal 
of the extruded strip when the back of 
| the panel is not accessible. See P.E. 

April 1941, page 211 for other typical 
fastening means. 


sions can be supplied cut to length or 
in continuous coils. Flat or slightly 
crowned strips supplied in rolls can be 
woven into highly decorative panels, 
chair seats, back rests, pedestal cover- 
ings and the like in one or more colors. 

Thin, narrow extrusions can be coiled 
around tubes or rods to give rope-like 
effects in one or more colors. Helical 
coils of this type are used on flexible in- 
sulated wires, such as telephone re- 
ceiver leads, to prevent kinking and to 
protect against abrasion. Similar coils 
are useful over flexible or stiff tubing of 
metal, paper and the like, or over rods 
of any material in circular or other sec- 
tions. If the plastic coil is transparent 
or translucent, the polished core shows 
through the plastic and adds sparkle 
and beauty to the assembly. 

Extruded tubes have been recently 
used for a 34 in. O.D. aircraft conduit. 
Since the tubing is transparent, the 
wires can be seen. The tube acts as an 
insulator, is easily bent for assembly 
and light in weight. In another applica- 
tion, transparent tubing is used in place 
of glass for soda syphons in bottles. 





All plastic extrusions have a smooth Tennessee Eastman Corporation Another extruded product used for 
surface with a high polish precisely as Extruded cellulose acetate betwete table coil forms has a circular hole 0.015 in. 
if produced in a polished mold. Extru- molding and decorative strips in diameter and a three-point star- 
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Tubing — various sizes 
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Extruded bar stock in 
of position in metal tack 


ed type fastener Coated wire 





red . \ ] : . Detroit Macoid Corporation 
Typical extruded plastic sections which are now available in almost any thermoplastic material 
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shaped exterior. One end of the coil 
wire is brought through the central hole 
and the remainder of the wire is wound 
on the edges or points of the star-shaped 
strip. Extruded plastic has also been 
applied over a wire central core, as is 
done in rubber-covered wire. In one 
case the material is opaque white to 
match the enamel of a refrigerator shell. 
The extrusion hides the joint between 
two curved sheet steel panels. After a 
length is pulled taut around the recess, 
the wire ends are bent inward to form 
hooks which hold the strip in place. 
Extruded T-shapes or others can be 
applied to hide joints in any panel as- 
sembly or to provide finished edges or 
decorations оп many products where, 
heretofore, metal or wooden moldings 
usually have been applied. 

Although extrusion requires the use 
of a die, such a die costs only a small 
fraction as much as does a mold for 
shaping plastic by press molding. Die 
cost depends on the size and shape of 
section to be extruded, and has ranged 
from $30 to $125 for most extrusions 
produced up to the present time. 


Extruded moldings for panel joints suitable for walls, tables and cabinets. 


is cellulose acetate 





Celluloid Corporation 


Material 





Case Histories In Patent Law 


(Epiror’s Note: The purpose of these 
Case Histories is to give a better under- 
standing of the patent law in the public 
interest. The author advises that actual 
cases should be submitted to your own 
patent attorney. ) 


NO. 22 
How is infringement determined? 


Answer: The first step in determining 
infringement is to get a clear under- 
standing of the mechanism or process 
which is suspicioned of being an in- 
fringement. Infringement actions usu- 
ally arise through the complaint of 
salesmen of an organization about a 
competitor's activities and such com- 
plaints are habitually inaccurate. So 
the first step is to get at the facts to see 
just how the apparatus is made, how it 
operates and what it does. 

The second step is then to submit this 
very complete showing preferably with 
photographs and drawings to a patent 
lawyer who will then compare the 
claims of your patent with the apparatus 
or process of the perspective defendant. 
To constitute infringement all of the 
elements of the claims must be used by 
the infringer. This does not mean that 
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all of the elements of the construction 
must be called for by any one particu- 
lar claim. The rules for interpretations 
of claims are numerous and difficult. 
The meaning of the claim must be deter- 
mined in the light of the prosecution of 
the patent application in the Patent 
Office because a claim cannot be con- 
strued broadly enough to cover an in- 
fringer if, during the prosecution of the 
application, a claim to the same effect 
was voluntarily cancelled by the in- 
ventor or his attorney. Then too the 
lawyer must take into account the state 
of the prior patents because obviously a 
claim of a patent cannot be safely con- 
strued broad enough to cover an in- 
fringer if such a construction would 
cause a claim to read upon the prior art. 

Nothing is more dangerous than to 
assume infringement simply because the 
claim on its face reads upon the defend- 
ant's construction of process. This is 
only the beginning of the investigation. 
The mere fact that the language seems 
to read on the defendant's construction 
may be just a fortuitous circumstance 
without there being any actual meaning. 

After infringement is thus deter- 
mined, the next step is to notify the 
defendant requesting him to cease his 





infringement. If he does not do so, then 
adequate steps can be taken in bring. 
ing a suit in the United States Court 
that has jurisdiction over the defendant. 
If the patent covers an apparatus or an 
article of manufacture the recovery will 
date either from the date of giving writ 
ten notice or from the date when the 
number of the patent was placed upon 
the article made under the patent by 
the owner of it because the latter is a 
constructive notice to the infringer with- 
out the constructive figure of actual 
written notice. 

It'has been held by the courts that 
in the case of a process patent the re- 
quirement of a statutory notice does not 
apply because obviously you cannot 
mark an intangible thing. 

In Wagner v. Corn Products Refining 
Co., 28 F. (2d), 617, it was stated: 

“ . . It is clear that section 4900, as 
well as its predecessors, imposing the 
duty to give notice, constructive Or 
actual, is limited to tangible things, viz. 
‘patented articles’-—things that can be 
marked or labeled. A process, as ordi- 
narily understood, is not an article, and 
cannot be made to carry the prescribed 
notice. Its very character defies it being 


marked or labeled.” (P. 618) 
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STAINLESS STEELS 


Effects of Additions on Properties 


STANLEY P. WATKINS 


Manager, Development Division, Rustless Iron and Steel Corporation 


nickel, which are the principal al- 

loying elements in stainless steels, 
other elements are added to improve 
existing properties or impart special 
characteristics such as free-machining 
qualities. The several types of stainless 
steels produced by varying the number 
and proportions of the alloying ele- 
ments, however, can be classified into 
three groups according to their analyses 
and heat-treating characteristics. Table 
I shows the analyses of the stainless 
steels in the three groups. 

Group I—Straight chromium stain- 
less steels hardenable by heat-treatment. 

Group II—Straight chromium steels 
practically non-hardenable by heat. 
treatment. 

Group III—Chromium nickel steels 
hardenable by cold work only. 

In general, although the percentage 
added is small, each special alloying 
element is quite potent in producing 
new properties or modifying the orig- 
inal properties of the stainless steel. 
The more important effects produced by 
the various special alloying elements 
when added to the stainless steels are 
discussed in the following paragraphs. 


Г ADDITION to chromium and 


CARBON—This element, since it is in- 
variably present in all grades, is not 
ordinarily regarded as a special alloy- 
ing element of the stainless steels, never- 
theless, its effect on the properties of the 
stainless steels is of such importance as 
to deserve special consideration. The 
general effect of carbon is to increase 
the hardness and tensile strength of the 
stainless steels, and if present in consid- 
erable amounts, will adversely affect 
corrosion resistance, particularly, if the 
metal is not in the proper structural 
condition. Maximum corrosion resist- 
ance is obtained when carbon is in solu- 
tion, which to effect, necessitates rapid 
cooling from above about 1,750 deg. F. 
for most grades. However, increasing 
chromium and nickel tends to minimize 
this effect. The effect of carbon content 
on the quench hardness of 12 percent 
and of 18 percent chromium stainless 
steels is shown by the curves in Figs. 1 
and 2. When the chromium content is 
more than about 23 percent and the 
carbon under about 0.50 percent, the 
alloy cannot be hardened by heat- 
treatment. 

In the straight chromium hardenable 
grades of stainless steel, carbon is very 
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FIG.1 Temperature, Degrees Fahrenheit 


Fig. l—Effect of carbon content on the quench hardness as ex- 
hibited by 12 percent chromium stainless steels 
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effective in regard to raising quench 
hardness and tensile strength. This is 
evidenced by typical tensile and hard- 
ness values of both high and low carbon 
grades in this group. 


Type 410 Type 420 
0.12 € 0.35 € 
12.00 Cr 12.00 Cr 


Ult. strength 


lb. per sqin..... 200,000 255,000 
Brinell hardness... 401 535 
Type 430 Туре 440 
0.10 C 1.00 C 
17.00 Cr 17.00 Cr 

Ult. strength 
lb. per sq. in.... 130,000 285,000 
Brinell hardness... 240 27 


In addition, raising the carbon con- 
tent in the straight chromium harden- 
able grades lowers resistance unless 
they are in the full hardened condition. 
For example, in the case of the 0.10 
percent carbon and 12 percent chro- 
mium grade of stainless steel, there is 
not a great deal of difference in corro- 
sion resistance between the annealed 
and the full hard material. However, as 
the carbon content increases in this 
alloy to 0.35 percent, the resistance to 








Fig. 2—Effect of carbon content on the quench hardness as 
exhibited by 18 percent chromium stainless steels 
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103 РА ; 0.15 max. 0.25 
EM oun pb 0.15 max. 0.25 
ШИ. esed ы 0.15 max. 0.25 
ME cou. e qeatr 0.15 max. 0.25 
NE C cene rs | 0.15 max. 0.25 


ree 0.40 max. 0.25 
Имель | 0.15 max. 0.25 
NE Lose Gs | 0.60/1.10 | 0.25 

aat | 5 min. 0.25 


Коне се | 0.12 max. 
ША Lees | 0.12 max. 
BN зәл жи в | 0.35 max. 
К). сз еее нан | 0.35 max. | 


GROUP III—CHROMIUM-NICKEL STAINLESS STEELS—HARDENABLE 





| E | MN 


60 0.50 max. | 0.03 max. | пәм | Шш | ....... 
60 0.50 max. | 0.03 max. | 10.0/14.0 0.20 mEX. — [| ....... 
60 0.50 max. | 0.03 max. | 10.0/14.0 £60 | à 
60 0.50 max. | 0.15 min. 12.0/14.0 | 0.50 max. 
60 0.50 max. 0390000. | 2129/1590 | ......... 
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Table I—Effect of Alloy Additions on Stainless Steels 
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GROUP I—STRAIGHT CHROMIUM STAINLESS STEELS—HARDENABLE TYPES 
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Type No. E | MN 
392.. 0.80/0.20 1.25 max. 
209-8...... 0.20 max. 1.25 max. 
303-Se.... 0.20 max. 1.25 max. 
304.. ....| 0.08 max. 2.0 max. 
ВЮ: хады 0.08 тах. 2.0 тах. 
гаан 0.20 max. 2.0 max. 
ШЙ, л» гы 0.25 max. 2.0 max. 
EM Lian ae 0.25 max. 2.0 max. 
NEM Loos se 0.10 max. 2.0 max. 
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347.. 0.10 max. 2.0 max. 
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| 
S Са | Ni 
| 
03 max. 17.5/20.0 | 8.0/10.0 
15 min. 17.5/20.0 8.0/10.0 
03 max. 17.5/20.0 8.0/10.0 
03 max. 18.0/20.0 8.0/10.0 
03 max. | 19.0/22.0 | 10.0/12.0 
| | 
03 max. 22.0/26.0 | 12.0/14.0 
03 max. 21.0/26.0 19.0/21.0 
03 max. 27.0/31.0 8.0/10.0 
03 max. 16.0/18.0 | 10.0/14.0 
03 max. 18.0/20.0 | 10.0/14.0 | 
| | 
03 тах. 17.0/20.0 1.0/10.0 
03 max. 17.0/20.0 8.0/12.0 
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attack by corrosion is *materially low- 
ered if material is in the annealed con- 
dition. It is necessary, therefore, that 
this type of alloy be in the full hard 
condition in order to develop maximum 
corrosion resistance. Tempering up to 
190 deg. F. to relieve hardening strains 
will not affect corrosion resistance. 

Increasing carbon content of the 
straight chromium stainless steels tends 
to lower machinability, especially when 
in excess of about 0.30 percent. With 
carbon greater than this value. hard ce- 
mentite particles are present which are 
abrasive to cutting tools. 
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In the chromium-nickel grades of 
stainless steel. a high carbon content is 
usually considered detrimental in mate- 
rials that are to be welded, or in mate- 
rials that are to be subjected in service 
to temperatures ranging between 750 
and 1,600 deg. F. This is because the 
solubility of carbon in the chromium- 
nickel stainless steels is quite low— 
approximately 0.02 percent. Carbon in 
excess of this amount is precipitated out 
along the grain boundaries when alloys 
of this type are heated within the above 
range for extended periods. Also, the 
heat generated by welding is sufficient to 


precipitate carbides to a harmful de 
gree. Since material containing exces 
sive carbide precipitation is subject to 
intergranular attack when exposed to 
severe corrosive conditions, the carbon 
content is maintained as low as is con- 
sistent with economical manufacturing 
operations. Experience has shown that 
if the carbon content is maintained 
below 0.08 percent in the chromium. 
nickel stainless steels, that such mate 
rials are satisfactory for welding opera 
tions and also many high temperature 
applications. 

If the carbon is in solution. effected 
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by quenching from above about 1,850 
deg. F. in the case of the 18-8 alloys, 
it is not detrimental from a corrosion 
standpoint, providing of course, the 
material is not subjected to the range 
of 750-1,600 deg. F. in service. Conse- 
quently, it is not so important that such 
material be held to a low carbon 
content. 

On the other hand, test data show 
that carbon is helpful in improving the 
tensile strength of the 18-8 alloys in the 
annealed conditions. 


Type 302 Type 304 


0.15 C 0.05 C 
18.00 Cr 18.00 Cr 
8.00 Ni 8.00 Ni 
Ult. tensile strength 
lb. per sq.in...... 100,000 90,000 
Yield point 
lb. per sq.in...... 38,000 33,750 
Elongation 
VIL оаа ег 62.0 60.5 
Brinell hardness... . 146 159 


The influence of carbon on the cold 
working characteristics of 18-8 stainless 
steel wire is shown by Fig. 3. The effect 
of increasing carbon is to increase work 
hardening rate. 


MANGANESE—As a general rule the 
commercial straight chromium stainless 
steels do not contain large amounts of 
manganese, frequently there is not more 
than 0.30—0.60 percent in these alloys. 
Rarely does the manganese exceed 1.50 
percent. Increasing the manganese 
above about 3 percent in the 12-14 per- 


cent chromium stainless steels serves to 
increase tensile strength and hardness 
but decreases elongation. In addition, 
the corrosion resistance of such alloys 
is reduced if more than 4 percent man- 
ganese is present. 

Low carbon, 18 percent chromium 
stainless steels containing about 6 per- 
cent manganese, are relatively soft, duc- 
tile and tough. Increasing the man- 
ganese content to 8-10 percent improves 
these properties further, and if it is 
raised to about 14 percent, ductility is 
improved slightly. Low carbon alloys 
containing 18 percent chromium and 
8-10 percent manganese are not wholly 
austenitic, even when rapidly cooled 
from 1,850-1,950 deg. F. However, with 
manganese in the neighborhood of 14 
percent and the carbon content fairly 
high, a fully austenitic structure is ob- 
tained by quenching from about 1,900 
deg. F. Like the austenitic 18-8 stain- 
less steels, these alloys are softened by 
rapid cooling from temperatures in the 
1,850-2,100 deg. F. range. 

In the annealed condition, the 18 per- 
cent chromium-10 percent manganese 
stainless steels possess good resistance 
to atmospheric conditions, and while 
they resist attack by a large number of 
industrial chemicals, they are not so 
resistant to so great a variety of cor- 
roding media as the 18 percent chro- 
mium-8 percent nickel stainless steels. 
However, they offer adequate resistance 
to fruit and food juices, and weak solu- 
tions of such acids as nitric, carbolic 





and lactic. Similarity to the austentic 
chromium-nickel stainless steels, the 18 
percent chromium-10 percent mangan- 
ese alloys when exposed to sensitizing 
range 750-1,600 deg. F., are subject 
to intergranular corrosion. 

Although manganese in the straight 
chromium stainless steels, and in the 
lower chromium-nickel analyses such as 
18 percent chromium-8 percent nickel, 
is maintained generally below 1.0 per- 
cent, experience has shown that in the 
higher chromium-nickel steels such as 
25 percent chromium-12 percent nickel 
and 18 percent chromium-8 percent 
nickel-3 percent molybdenum, niaintain- 
ing the manganese above 1.50 percent in 
these grades materially improves hot 
working properties. 

The addition of manganese to the 
straight chromium stainless steels im- 
proves welding properties and in the 
case of alloys containing about 18 per- 
cent chromium-10 percent manganese, 
welding characteristics are similar to 
the austenitic chromium-nickel stainless 
steels. 


SILICON—In almost every way the 
effect of silicon on the structural prop- 
erties of the straight chromium stain- 
less steels is the reverse of that pro- 
duced by nickel. Silicon in amounts 
greater than about 1 percent in the 
hardenable types of these alloys reduces 
air hardening capacity and raises the 
temperature to which the steels must be 
heated to effect full hardening. In addi- 
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Fig. 3 —Influence of carbon content on the cold work hardening 


characteristic of 18-8 stainless steel wire 
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Fig. 4 —Difference in work hardening characteristics between 


low and high alloy 18-8 stainless steel wire 


363 

















Fig. 








364 


5—Properties obtainable in a 16 percent chromium and 2 percent nickel stainless steel with various tempering procedures 


Ultimate Tensile Str: 02% Yield Str and Elastic Limit 1000 P.S.TI. 
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tion, when silicon content exceeds about 


] percent the impact strength of these 
alloys is materially reduced. 

The general corrosion resistance of 
the straight chromium stainless steels is 
not materially improved by the addition 


of silicon. However, it has been ob- 


served that silicon in the amount of 


about 1.25 percent improves the resist- 
ance of a 13 percent chromium stainless 
steel to attack by sulphuric acid solu- 
tions. The chief advantage accruing 


from the addition of silicon to the 


straight chromium stainless steels is to 
increase resistance markedly to oxida- 
tion at high temperatures. An alloy 
having about 3 percent silicon will show 
very little, if any, oxidation when ex- 


posed to temperatures around 1,650 deg. 
F., whereas, a similar alloy with silicon 
under 0.50 percent will be heavily oxid- 
ized when exposed to such temperatures. 

Silicon improves the oxidation resist- 
ance of the austenitic chromium-nickel 
stainless steels, and is most effective in 
this respect when present in amounts 
above about 2 percent. This amount of 
silicon does not materially affect tensile 
properties, although there is some evi- 
dence that impact strength is lowered. 

The resistance of the austenitic chro- 
mium-nickel stainless steels to cold 
dilute hydrochloric acid and hot dilute 
sulphuric acid is improved by the addi- 
tion of about 3 percent silicon. How- 
ever, resistance to nitric acid is de- 
creased by silicon. It has been observed 
that a high silicon content in the 18-8 
stainless steel improves resistance to 
intergranular corrosion, and such mate- 
rial has been used for applications in- 
volving welding. 


NICKEL—Although nickel in the 
straight chromium steels is usually less 
than 1 percent, a group of alloys con- 
taining from 12 to 18 percent chromium 
and 1 to 3 percent nickel have received 
considerable attention, primarily for air- 
craft construction. An alloy containing 
about 0.12 percent carbon, 16 percent 
chromium and 2 percent nickel is a 
heat-treatable alloy which, as shown by 
Fig. 5, can be hardened and tempered 
to obtain a wide range of tensile 
properties. 

Raising nickel content in the straight 
chromium stainless steels serves to in- 
crease hardenability, tensile strength 
and impact strength. Also, the addition 
of above about 1 percent nickel to these 
alloys renders them air hardening, and 
such material should be slowly cooled 
from the rolling or forging heat. Nickel 
serves to increase the corrosion resist- 
ance of the straight chromium stainless 
steels, particularly to salt spray and 
atmospheric conditions. The toughness 
of these alloys is increased by nickel, 
hence, machining is more difficult. 
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Increasing nickel in the 18-8 stain- 


less steels above the normal range in- 
creases corrosion resistance, and tends 
to reduce cold working capacity. As the 
nickel is increased, as shown by Fig. 4, 
the susceptibility to harden by cold de- 


formation is reduced. Low work hard- 
ening 18-8 is highly desirable for appli- 


cations involving cold upsetting, but 
not so suitable for making high tensile 
material by cold rolling or drawing. 


MOLYBDENUM—The addition of this 


element to the straight chromium stain- 
less steels serves to increase general 
corrosion resistance, and especially im- 
proves resistance to attack by weak solu- 


tions of the common acids. Amounts as 


low as 0.50 percent will effect definite 
improvement in corrosion resistance, but 
full effect is obtained with about 2 per- 
cent. The hardenability of these alloys 
is reduced by molybdenum, and machin- 
ability improved. 

Molybdenum in the austenitic chro- 
mium-nickel stainless steels increases 


Change in scal 
mm هد‎ 


do not work harden as rapidly as those 


free of this element. Also, the presence 
of free ferrite causes these alloys to be 
slightly magnetic. 


TITANIUM—A useful property of tita- 


nium is to reduce the hardening ca- 


pacity of the straight chromium stain- 
less steels, and thus render them more 
suitable for welding operations. In 
order to produce this effect, titanium 


should be present in a ratio of 5 to 7 


times the percentage of carbon. Tita- 
nium does not improve the corrosion re- 
sistance of the straight chromium stain- 
less steels; however, it slightly increases 
both oxidation resistance and creep 


strength. 


When added to the austenitic chro- 
mium-nickel stainless steels, titanium is 
said to “stabilize” the carbon and thus 
to reduce susceptibility to intergranular 
corrosion. Titanium is present in the 


commercial grades to the extent of five 


times the carbon content and in addi- 
tion the alloy is generally given a 
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Fig. 6—Effect of 65 percent boiling nitric acid test on sensitized 18-8 alloys. Note 
how low carbon and titanium improve resistance 


resistance to attack by the common 
acids, and reduces tendency to pit when 
exposed to chloride solutions. To be 
effective, the molybdenum should be 
above about 2 percent in these alloys. 
The addition of molybdenum does not 
materially alter tensile properties at 
normal temperatures, but does serve to 
improve creep and tensile strength at 
elevated temperatures. 

Since molybdenum promotes forma- 
tion of the ferritic phase in the austen- 
itic chromium-nickel stainless steels, 
alloys containing above about 2 percent 


“stabilizing?” treatment consisting of 
heating in the range of 1,550-1,650 deg. 
F. for about 3 hr. Titanium improves 
the resistance of 18-8 stainless steels to 
attack by boiling nitric acid when 
heated in the “sensitizing” range as 
shown by Fig. 6. The general corro- 
sion resistance of these alloys is not 
improved by the addition of titanium, 
but toughness and corrosion resistance 
at elevated temperatures is increased. 

Although titanium bearing 18-8 
stainless steel is highly satisfactory for 
welding, the alloy in the form of weld- 
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ing rod is unsuitable. as in welding the 
titanium is oxidized and the resulting 
weld metal is not immune to intergrap- 
ular attack. Plates and sheets of this 
material should be welded with colum- 
bium bearing weld rod. 


COLUMBIUM—When this element is 
present in the straight chromium stain- 
less steels in amounts 8 to 10 times the 
carbon content, hardenability is consid- 
erably reduced and the tendency to air 
harden is largely overcome. The cor- 
rosion and oxidation resistance of these 
alloys is improved somewhat by the 
addition of columbium. On the other 
hand, tensile strength at normal tem- 
peratures is reduced. 

A large tonnage of 18-8 stainless 
containing columbium in the 
amount of about 10 times carbon con- 
tent is used for fabricating equipment 
by welding. which is subsequently ex- 
posed to severe corrosive conditions or 
subjected to temperatures in the range 
of 750-1.550 deg. Е. Тһе effect of 
columbium in these alloys is said to be 
similar to that of titanium, in that it 
"stabilizes" carbon and thus minimizes 
the tendency for intergranular corrosion 
to occur. However, unlike titanium 
bearing 18-8. it is not necessary to give 
columbium bearing 18-8 a "stabilizing" 
heat-treatment if the columbium-carbon 
ratio is above 10 to 1. Also in welding. 
columbium is not oxidized to the same 
extent as is titanium, thus making it a 
highly satisfactory addition to 18-8 
welding rods. 

The general corrosion resistance of 
the austenitic chromium-nickel stainless 
steels is not improved by the addition 
of columbium. Tensile properties at 
normal temperatures are somewhat im- 
proved, provided the columbium is 
maintained in the proper ratio. Tough- 
ness at elevated temperatures is im- 
proved by columbium. 


steels 


SULPHUR AND SELENIUM—These 
elements when present in amounts be- 
tween 0.15 and 0.35 percent impart free- 
machining and non-galling characteris- 
tics to stainless steels. Molybdenum to 
the amount of 0.40 percent is generally 
added in combination with sulphur and 
approximately 0.15 percent phosphorus 
with selenium. Тһе  selenium-phos- 
phorus combination is not generally 
added to the straight chromium stain- 
less steels, as sulphur and molybdenum 
impart better machining properties in 
these grades. Both combinations are 
added to the 18-8 stainless steels, but 
the sulphur-molybdenum combination 
is more effective as regards imparting 
free-cutting qualities, whereas, the sele- 
nium-phosphorus grade while not so 
easily cut yields a more lustrous finish 
after machining. 
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Fig. 7—Comparative resistance of the 18-8 free-machining grades and two regular 
grades to a dilute mixed nitric and sulphuric acid solution at room temperature 


Sulphur and selenium slightly reduce 
elongation and impact strength to the 
stainless steels, but otherwise tensile 
properties are not changed materially. 
The free-machining stainless steels are 
somewhat more difficult to hot work 
than the regular grades, and also oxida- 
tion resistance is slightly reduced. Gen- 
eral corrosion resistance, such as ex- 
posure to the atmosphere, fruit and food 
juices, is not materially affected, but 
these elements do reduce resistance to 
hot acid solutions. Fig. 7 shows the 
comparative resistance of the 18-8 free- 
machining grades and two regular 
grades to a dilute solution of nitric- 
sulphuric acid. 


OTHER ELEMENTS--In addition to 
the elements discussed which are the 
more important ones, other elements 
such as aluminum, copper, nitrogen and 
tungsten are added to the stainless 
steels to obtain various special proper- 
ties. These alloys are not used to any 
great extent, hence they are not pro- 
duced in large tonnages, such as are, 
for instance, the grade containing 
columbium. 

In the straight chromium stainless 
steels aluminum reduces hardenability. 
and when present to the amount of 
about 1 percent, the medium carbon 
12 percent chromium alloys do not 
harden appreciably even when quenched 
from above 1,850 deg. F. Impact 
strength is reduced by aluminum, but 
oxidation resistance is improved consid- 
erably. Also, electrical resistance is in- 
creased and at elevated temperatures 
aluminum increases resistance to attack 
by oxygen and other gases. 


The effect of copper additions on the 
properties of the stainless steels have 
been studied extensively in this country, 
But such alloys have not been produced 
in quantity. In the case of straight 
chromium stainless steels, copper 
slightly increases resistance to attack 
by sulphuric and hydrochloric acids, 
and when present in appreciable 
amounts improves machinability. Cop. 
per in the chromium-nickel stainless 
steels produces much the same effect as 
when added to the straight chromium 
grades. With copper above about 3 per- 
cent the chromium-nickel grades are 
difficult to hot work. 

Nitrogen in the medium carbon 
straight chromium stainless steels serves 
to increase hardenability and in this re- 
spect acts much the same as carbon. 
This effect is not accompanied by em- 
brittlement or by reduced resistance to 
corrosion. In the high chromium alloys, 
18 to 30 percent, nitrogen serves to 
retard grain growth at elevated tem- 
peratures. 

The hardenability of the 
chromium stainless steels is not affected 
by the addition of 
strength at elevated temperatures is in- 
creased, Corrosion resistance is not im- 
proved, in fact, resistance to nitric acid 
is decreased. 

Tungsten in the 18-8 
steels improves strength and resistance 
to creep at elevated temperatures. 
Amounts above about 4 percent make 
these alloys difficult to hot work. This 
element also serves to improve oxidation 
resistance and to increase hot hardness; 
properties which are both highly de 
sirable for combustion exhaust valves. 


straight 


tungsten, but 


stainless 


Propuct ENGINEERING 





r 


ess 
nce 
res. 
ake 


tion 


JOGGING CIRCUITS 


For Inching Machines With Motor Drives 


J. H. LEWIS 


Industrial Control Engineer, General Electric Company 


LECTRIFICATION of drives for 
machines is now employed to 
such an extent that a working 

knowledge of electrical circuits by engi- 
neering designers is a necessity. Basic 
principles are, in general, well under- 
stood. Some misunderstanding still ex- 
ists, however. as to what is meant by 
"jogging" and as to how this operation 
can be best accomplished. “Jogging,” or 
“inching” as it is sometimes called, is a 
minor but basic requirement of control 
that is frequently necessary for the suc- 
cessful performance of many machines. 
The National Electrical Manufacturers’ 
Association has prescribed that: 


“ ‘Jogging’ or ‘inching’ is the 
quickly repeated closure of the 
circuit to start a motor from rest 
for the purpose of accomplishing 
small movements of the driven 
machine.” 


A study of this definition indicates 
that it is immaterial whether the con- 
trolling means for the drive allows the 
motor to continue operating at a slow or 
reduced speed. or whether it allows the 
motor to accelerate to its base speed. 
Confusion exists at this point beeause 
some designers believe a slow speed, 
during which the motor does not accel- 
erate, constitutes jogging. Others be- 
lieve that even though the motor ac- 
celerates, jogging is still obtained. It is 
true that jogging action may be ob- 
tained from a control which permits 
either of these types of motion by the 
motor through the proper operation of 
the jog button. This is evident from the 
N.E.M.A. definition. since the objective 
of the jogging action is to secure small 
movements of the driven machine by 
starting the motor from rest for each 
"jog." 

In terms of performance a circuit 
which allows the motor to run at slow 
speed gives a "creep" or "thread" op- 
eration. A good example of an applica- 
tion of this type of circuit is in the cloth 
printing machine. shown in Fig. 1. 
which is driven by an adjustable speed 
d.c. motor. A maintained slow speed is 
essential when threading the cloth 
through the rolls and when inspecting 
the pattern “fit.” Control for this type 
of operation is usually special as some 
means for applying and maintaining 
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reduced voltage to the motor is required. 
The panel consequently will be larger 
and more expensive than that required 
for straight jogging control. For the 
purposes of this discussion, jogging only 
as defined by the N.E.M.A. will be con- 
sidered hereafter. 

Jogging is required in order to bring 
a tool up to the work, or the work up 
to the tool, in fine increments for line-up 
or adjustment. It is, therefore, vitally 
necessary that the control performing 


this operation be reliable. When the jog 
button is pressed the operation must 
start, and when the button is released 
the operation must stop. Safety to the 
operator and to the machine demand 
this. It is easy to understand how the 
work or the tool may be damaged by 
failure to stop. Likewise it is possible 
to visualize what might happen to a 
boring mill operator when working in- 
side a casting for set-up. should he jog 
the table up to the tool and the table 





Fig. 1—Pushbutton stations and control panel on a range-drive cloth-printing machine 
driven by an adjustable speed d.c. motor 
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Shunt coil 


Selector switch, 
normally closed and normally open 


Line contactor operating coil 
Control relay operating coil 


Overload relay control contact 





Fig. 2—Symbols and legends used in accompanying schematic diagrams to denote circuit elements 


Overload Stop 


L1 OL 3 





Fig. 3—Jogging circuit in which is included a separate control relay and in which the line contactor is not “held in” so that when 
set for jogging all possibility of the machine continuing to run is eliminated 


fail to stop. On the other hand, of 
course, not every machine which must 
be jogged involves a hazard to the op- 
erator or to the machine. But if injury 
or damage can result from continued 
running of the machine when the op- 
erator intended to jog only, then some 
safe method of jogging must be used. 
To insure safety, the “sealing” or “hold- 
ing” circuit for the contactor applying 
power to the motor must be positively 
opened when the jog button is released 
by the operator. 

Several simple and reliable methods 
of jogging will be described and illus- 
trated with schematic circuit diagrams. 
The symbols used in the circuit dia- 
grams are shown in Fig. 2 with ex- 
planatory legends. 

The safest method of jogging uses a 
separate control relay as shown in Fig. 
3. Wired up in this manner, there is no 
“hold-in” circuit for the line contactor. 
The line contactor LE picks up when 
the jog button is pressed and drops out 
when the button is released. The control 
relay CR is not energized for this opera- 
tion; so there is no possibility of acci- 
dentally maintaining a holding circuit 
to LE. A normal start operation ener- 
gizes the CR relay which in turn ener- 
gizes LE. This circuit is also used when 
operation from small pendant push but- 
tons is required, because of the small 
tip gap present in these stations and the 
inherent difficulty of making a satisfac- 
tory latch, and in addition the possi- 
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Fig. 4—(A) Jogging button station with safety latch in normal position. (B) in posi 


tion for jogging the machine 


bility of the are maintaining itself 
across the small gap. 

In order to hold open mechanically 
the normally closed contacts when the 
button is pressed, jog buttons are avail- 
able with latches. This construction can 
be seen in Fig. 4(4) and (B). In Fig. 
4(A) the jog button is in the normal 


position with the normally-closed con- 
tacts closed and the latch released. In 
Fig. 4(B) the jog button has been 
pressed and the latch has engaged, as à 
result the normally-closed contacts are 
mechanically prevented from closing. 
The latch is spring biased, that is spring 
opposed so that even though the button 
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may continue to be operated, the latch 
will engage each time the button is re- 
leased. 

A frequently used control shown in 
Fig. 5, in which a jog button with a 
latch is used, provides an effective and 
reliable circuit. When the jog button 
is pressed the LE contactor picks up, 
and its “hold-in” interlock LE 1-2 
closes. A holding circuit is not main- 
tained, however, as the jog button cir- 
cuit 4-1 is open and mechanically held 
open until the latch is released. After 
the latch is released manually, circuit 
4-1 closes and normal start may be ob- 
tained. Inasmuch as this circuit has one 
less relay and fewer wires between the 
pushbutton and panel, the control will 
be less expensive than that shown in 
Fig. 3. In addition the control panel 
will be smaller. This is sometimes an 
advantage especially when the control is 
built into a machine. 

The arrangement shown in Fig. 6 will 
provide reliable jogging action if the 
operator selects the proper position on 
his two position selector switch. In this 
circuit a *run-jog" maintaining contact 
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selector switch is in series with LE 
*hold-in" circuit 4-2. With the selector 
set on the jog position, the “start” but- 
ton may be operated for jogging and no 
chance exists for the “hold-in” circuit 
to be maintained. Normal operation is 
secured by setting the switch on “run” 
and operating the “start” button. The 
“start” bution has a dual function in 
this circuit as both a “start” and a “jog” 
button. This is not considered good 
practice as it may lead to incorrect 
operation. The recommended procedure 
is to have a push button for each func- 
tional operation of the machine. 
Another circuit shown in Fig. 7 will 
provide jogging. But experience has 
shown that an operator, who is intently 
watching the results of the jogging 
action of his machine, will operate the 
jog button rapidly. As a result, it is 
possible for the back contacts 4-1 of 
the jog button to close before the “hold- 
in" interlock LE 1-2 has opened. 
Should this occur, the machine will con- 
tinue to run and injury to the operator 
or damage to the machine may result. 
An expedient to secure infrequent 


Jog Start 


Start 


Run 4 LE 


9 Jog 


jogging can be obtained with a “start- 
stop” pushbutton connected as shown 
in Fig. 8. Alternately operating the 
“start-stop” button gives jogging action 
to the machine. Another method, using 
the same circuit, consists of holding 
both buttons depressed and working the 
“stop” button in and out. The “start” 
button must be released before the 
“stop” button after the jogging cycle is 
completed. It must be remembered that 
this is an expedient and not a recom- 
mended control circuit. 

These control circuits are basic and 
applicable to more involved circuits, 
either a.c. or d.c., which provide re- 
duced voltages, specific torques, or other 
special requirements from the driving 
motor. The designer should select the 
method he will use to control the ma- 
chine when he first considers his circuit 
requirements. 

The circuits shown in Figs. 3 and 5 
are most frequently used, and are in 
constant and successful use on a large 
number of different types of machines. 
For maximum safety, the method shown 
in Fig. 3 is recommended. 


Line(LE) 

L2 
Line CLE) 

L2 
Line (LE) 
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Figs. 5, 6, 7, 8—Typical jogging circuits used to obtain small movements of motor driven machines 


July, 1941 


369 










BEARING seal units made in sizes to 
press-fit in S.A.E. or International milli- 
meter bores as standardized by ball and 
roller bearing manufacturers are avail- 
able as purchased units. The seal ele- 
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Fig.5- Small Electric Motor 
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ment is its own cap and thus contrib- 
utes to low-cost design, construction and 
assembly, and reduces the number of 
parts. Various applications show ver- 
satility of design with this type seal. 
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Fig.2-Propeller Shaft Bearing for Truck or Bus 
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RUBBER SPECIFICATIONS 


Standardized Tests for Determining Service Life 


ECAUSE of manufacturers’ re- 
B luctance to divulge data on 
compounding recipes, the user 
seldom is able to discover for himself 
what particular type of rubber he is 
using. Chemical analysis will not or- 
dinarily reveal the original compound. 
About all that the user can do is to 
measure certain physical properties 
and these may or may not be pertinent. 
The Durometer reading has been the 
only standard of hardness or stiffness 
in common use. However, with this 
device, two instruments might vary as 
mucl: as 12 points on the scale or two 
operators might find variations of sev- 
eral points between their readings on 
the same sample with the same in- 
strument. In addition, the method of 
determining hardness by point pene- 
tration has been found to be a poor 
measure of the actual hardness or 
stiffness as indicated by deflection and 
torsional tests of finished parts. 
Tensile test as a criterion of quality 
has been found deceptive in that the 
slabs used are usually laboratory cured 
and in most cases cured to the point of 
maximum tensile strength. Actual 
production parts might be cured to an 
entirely different point to secure other 
necessary properties. Thus the tensile 
value indicates only the maximum 
which could be secured from the com- 
pound under ideal conditions. Of 
course, elongation varied with tensile. 
The permanent set test, as taken 
from test slabs, indicates only opti- 
mum performance, for the same rea- 
sons as above. If the permanent set 
test slabs are furnished with higher 
cure than the tensile test slabs, test 
results will be inconclusive. For this 
reason, it is advisable to take the 
samples for both tensile and set tests 
from actual production parts. This 
can be done readily by turning the 
part for tensile test on a lathe and by 
cutting cross-sections for the set test. 
Such samples are more representative 
of the actual use condition of the ma- 
terial. Tensile values may be lower 
than those obtained from test slabs, 
partly because of the less perfect sur- 
face obtained and partly because the 
cures may be tighter than for slabs. 
In our experience, samples cut from 
the actual production part showed that 
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the load in lb. per sq. in. required to 
stretch the sample a given percent of 
the original length was a fairly good 
indication of the actual stiffness of the 
part. But the tests also showed con- 
siderable variations from the relative 
hardnesses obtained by Durometer test. 
It was evident that the two measured 
somewhat different properties of the 
material. We then began arbitrarily 
to specify a value, called the “300 
percent modulus”—the load in lb. per 
sq.in. required to stretch the sample 
four times its original length. This 
modulus was found to be quite differ- 
ent in stocks of the same Durometer 
number but of different composition. 
Some compounds were called “high 
modulus” and others “low modulus,” 
depending on the relation between the 
“300 percent modulus” and the Durom- 
eter hardness. This method served 
to limit the number of compounds 
which would meet the particular speci- 
fications. However, it was slow and 
destructive, and it only served to indi- 
cate how good the piece was which we 
did not use; nothing was known of 
those which we did use. 

A new instrument designed to re- 
place the Durometer, based on the 
same general method, but refined to 
eliminate the variables and inaccur- 
acries inherent in the old design, was 
developed by the Gogan Machine Cor- 
poration. It is a modification of the 
Brinell hardness tester, adapted to the 
testing of bushings by actual deflec- 
tion under load. This equipment is 
unique in that it employs a magnetic 
circuit to operate the deflection indi- 
cator. Dead weights are used to load 
the sample, although a similar machine 
can be made using hydraulic piston 
loading. 

In operation, the part is placed be- 
tween smooth steel surfaces, and a 
crank lifts the sample until it sup- 
ports a minor load of 10 kg. or 22 lb. 
At this point a contact is closed, and 
an armature which depends from the 
indicator is held tightly by a magnet. 
As the sample is further lifted, a sec- 
ondary load, varied to suit the part 
being tested, is also lifted, and the de- 
flection resulting from the application 
of the secondary load is read. This 
method eliminates the error caused by 


the slip of the rubber on the support- 
ing surfaces under small loading, and 
compensates for the variation in height 
of the part. The reading taken repre- 
sents the “rate” of deflection, which is 
a measure of the true stiffness of the 
part. The speed of load application 
has practically no effect upon the re- 
sult. Variations, however, between the 
first and succeeding applications, are 
constant for any particular part and 
compound, and so may be allowed for. 
As a standard, the reading on the third 
loading, after the secondary load has 
been imposed for 3 sec., is used. For 
production checking, the first reading 
may be taken with proper allowances. 

After some experimentation, this 
method has been adopted as a stand- 
ard to replace the Durometer criterion 
of stiffness. The SAE-ASTM Joint 
Technical Committee on Rubber Speci- 
fications has done further work on the 
method and has tentatively established 
engine mounting stock standards which 
incorporate a similar method of test, 
both for use on actual parts and on 
samples 4 in. x 1 sq.in., cut from 
slabs. These stocks are to be graded 
according to this test. Both series 
of experiments have indicated that for 
the present a tolerance of plus or 
minus 15 percent on the deflection of a 
given sample is commercial. Recent 
checks have shown that closer control 
than this is feasible when extra care is 
used. 

In the above test, allowance must be 
made for the age of the sample. With- 
in the first week after cure, stiffness 
may increase from 10 to 20 percent. 
Samples should be rechecked one week 
after curing. Temperature will also 
make some difference in certain com- 
pounds. It has been found that at 158 
deg. F., some stocks will be stiffer and 
others softer than at room tempera- 
tures. With the deflection method for 
hardness, checks can readily be made 
on a given stock to determine its prop- 
erties at elevated and reduced tem- 
peratures. This is of importance in 
many applications where close control 
on the operating conditions is essential. 

Means are thus available for check- 
ing the stiffness of the sample, and its 
resistance to set, in parts actually used. 
The tensile test is the only remaining 


PRODUCT ENGINEERING 





Ju 








check needed to furnish a criterion 
which would represent service life. 
For applications such as compressed 
rubber joints, for spring shackles, and 
linkages, where torsion is the most 
important factor, the tensile strength 
has, within broad limits, no direct re- 
lation to service life. 

It was found that some compounds 
which had the highest tensile failed, 
while others with lower tensile per- 
formed far better. Therefore an oscil- 
lation test was set up which dupli- 
cated as far as possible the basic use 
of the material. A spring shackle 
bearing was loaded to 600 lb. per sq. 
in., with dead weight load, the eye was 
oscillated over an included angle of 
30 deg. for 18 hours at the rate of 
275 r.p.m. Readings were taken of 
the initial deflection under this load, 
the maximum deflection at the end of 
the test, and the “set” after the load 
was removed. Visual examination de- 


termined the type of wear and degree 





of failure. It was observed that the 
maximum wear occurred in the first 18 


hours, after which little further wear 
occurred for long periods. Therefore, 
the 18 hour accelerated test has been 
adopted as standard, rather than a test 
run to complete failure. 

This test shows variations among 
compounds which are in no way re- 
lated to the tensile, elongation, set, or 
other ordinarily specified properties. 
It is a measure of the flexing proper- 
ties, combined with abrasion resist- 
ance. The resilience of the stock 
will, of course, affect the maximum 
deflection and wear. Thus it serves as 
a service type test which measures a 
combination of properties. The rub- 
ber is made to do what it is required 
to do in service and the ability of the 
material to do so is graded in direct 
terms. Samples are made to the size 
of bushings most widely used for 
shackles, and oscillation tests, set tests 
and tensile tests, for record purposes, 


Electro-magnetic Gogan rubber compression testing machine 
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are made from these samples. 
gravity is also checked. 

Since it is not possible to determine 
the compound used, the problem arises 
of insuring uniform quality. In gen- 
eral, a check of the specific gravity 
usually shows up cases of mixed com- 
pounds. The actual value of specific 
gravity is not important, but the 
amount of variation is. 

The greatest variation after com- 
pounding is in the cure. Fortunately, 
an under-cure causes a much greater 
drop in the stiffness, so the deflection 
test serves as an excellent check on 
cure. The set test also indicates this, 
as the set falls off rapidly with under- 
cure. The set test requires 22 hours. 

These three checks, together with 
periodic life tests, should thus serve as 
good production control procedures, 
affording much better control than can 
be obtained by requiring the supplier 
to furnish at intervals test slabs cured 
in the laboratory. 

The oscillograph, as developed by 
Dr. Felix Yerzley of DuPont Labora- 
tories, shows promise of adding useful 
checks on rubber propert::s. In this 
test, a load is dropped on the sample 
and the resilience measured by the 
height of rebound. The equipment per- 
mits of static loading tests, dynamic 
deflection tests, damping tests, and 
hysteresis checks. The resilience val- 
ues obtained have correlated well with 
the results of Flexometer and heat 
generation tests. 

In arriving at proper stock selection 
and specification the compound recipe 
would be of great value to the user. 
In general, however, some data have 
been forthcoming regarding the types 
of compounds used. Compounds such 
as carbon black, accelerator, and anti- 
oxidant, all run to fairly definite classi- 
fications, and all affect the result. 

In addition, cure variations have to 
be considered. The test methods sug- 
gested aave tended to make the com- 
pounders confine their efforts to rather 
definite channels, and have served to 
aid in securing similar compounds from 
various suppliers. It is still heresy 
in some places to mention “soft” and 
“hard” carbon blacks, and the user 
will not usually know what type of 
accelerator has been used, so that 
specifications must be designed to limit 
the number of compounds for any par- 
ticular specification and make each 
specification cover a definite usage. 

It is to be hoped, however, that with 
the increased cooperation between users 
and manufacturers in such work as 
the S.A.E.-A.S.T.M. committee, a more 
definite type classification will be 
established and thereby simplify the 
selection of suitable compounds for 
given special applications. 


Specific 
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CRANK MECHANISM MOTIONS 


New Methods for Their Exact Determination — П 


articles, which appeared in June 

Propuct ENGINEERING, the approxi- 
mate and exact forms of the principal 
equations of the crank-connecting rod 
mechanism were presented and con- 
structions of velocity and acceleration 
curves were shown. In this article will 
be given greatly simplified equations for 
the exact computation of motion of 
this mechanism. In spite of the fact 
that these equations give exact results, 
they are easier to compute than are 
the approximate equations. 

Since several references are made to 
tables and illustrations in Part I, it 
will be convenient to have June P.E. 
at hand while following Part II. 


[- THE FIRST of this series of 


Vaes’ exact principal equations. 
By elimination of a and 8 in Equations 
(1) to (4) one can get a direct relation- 
ship between displacement, velocity and 
acceleration of the piston. This was the 
way F. J. Vaes derived his form of 
principal equations. In order to sim- 
plify his formulas he measured the dis- 
placement not from the head-end dead 
center D,, but from the center M of the 
crank. If, as in Fig. 11, we call this dis- 
placement £, we obtain, with our sym- 
bols, the exact principal equations in 
the following forms: 


4+ 





zm mE ms — 2 1 1 

= а зу еч 
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Hence, the slope of the acceleration- 
curve is found to be as follows: 











ап 8 = 42 – 4 
=e dr d£ 
А 24 2 ]%1%(7#— E) 
tan ô = — w ( - (834 gy ) (12) 


Equations (10) to (12) are taken 
from the excellent treatise by Vaes in 
which they are utilized for a complete 
and thorough analysis of the crank 
mechanism. Vaes' analysis can be found 
in the treatise “Etude Mathematique 
due la Transmission par Bielle et Mani- 
velle" which appeared in Extrait des 
Annales de l'Ecole Polytechnique de 
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Delft, Tome VIII, pg. 114-192, pub- been until now almost entirely unknown 
lished by E. J. Brill, Leiden, Nether- in American, English, and German engi- 


lands, 1897, which is the French trans- neering literature. 
lation of the original written in Dutch, The above equations by Vaes use the 
published in Tijdschrift van het Konin- piston's displacement as the initial 


klijk Institut van Ingenieurs, 1890-91, value. Thus there is a hint that their 
pg. 63-80 and 1891-92, pg. 52-58. Un- application may be especially advan- 
fortunately, this outstanding treatise has tageous in the case frequently occur. 
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Head end 
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Fig. 10—Method of locating the Fixed Point F with respect to 90 deg. position of the 
crank, thus graphically obtaining V and wg. The scale of the connecting rod angular 
velocity wg is established by letting length r represent w of the crank. 


Fig. 11 —The triangle FB'D is always isosceles. The simple Equations (14), (15) and (16) 


can be read directly from the figure. The scale of piston velocity c is established by 
letting the length r as drawn represent rw of the crank 
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rng wherein the piston's displacement 
is the given magnitude. For practical 
numerical computations, however, a 
transformation of Vaes' formulas, devel. © Fixed point 
oped below, will permit an even sim- 
pler calculation. 


Simplified exact equations. New 
computing method based on the au- 
thor’s discovery that every crank mech- 
anism has a geometrical fixed point F, 
the significance of which is explained in 
Figs. 10 to 14. If we designate y the an- 
gle. as in these figures, then we can show 
all magnitudes to be computed as sim- 
ple functions of this new variable only. 
This exact method of computation is 
given for the first time in Tables IV and 
VI. It may be noted that if we substitute 
for tan В іп Table УІ, 


ея m 
\‹ 


the only independent variable is the 
parameter y. This substitution, how- 
ever, would decrease the simplicity of 
the formulas. 

The simple relation between the new 
independent variable y and the former 





Fig. 12—All of the circular arcs pass through 
point F. The centers of these arcs are at the 
vertical projection of the crankpin center upon 
the horizontal, such as the center B'. The arc 
radii are the length of the projection of the 
connecting rod upon the horizontal, for the cor- 
responding crank and rod positions (example: 


radius p — B'D) 


Fig. 13—V elocity of slider B' moving with simple 
harmonic motion, is the horizontal component 
vy = rw sina of the crankpin velocity. The 
different velocity c of the piston is caused by 
additional motion of the connecting rod 


Fig. 14—Equivalent isosceles mechanism for an- 
alysis of motion replaces the connecting rod of 
Fig. 13. Piston moves in the same way as in Fig. 
13, if slider B’ is given the previous motion 





опе a is shown in Fig. 15 while Equa- 
tions (13) to (22) of Table VI illustrate 
the shortest way of computation. Also 


Table IV—Constants of Crank Mechanism 











for the slope of the acceleration NOTATION SYMBOL EQUATION | ILLUSTRATION 
curve we get now a less involved ege pen + К Р i | — 
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The new form of expression of the p 

principal equations has the further ad- ^ Radius of Auxiliary Circle 1. . . R | R= Ta LA? 


| 
vantage over the formulas in Tables II | Figs. 16-17 
and II in that each value deter- | 
mining the position of the mechan- Radius of Auxiliary Circle 2... Rz R: = 
ism can be utilized immediately as the 
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initial magnitude. For instance, if the 
displacement of the piston is the given 
magnitude, then the new method is even 
simpler than the approximate equations 
of Table IL. The following examples 
illustrate the procedure: 

PROBLEM 1. For an airplane motor of 
3,000 r.p.m. the radius of the crank is 
r — 0.21 ft. and the length of the con- 
necting rod is / — 0.7 ft. The accelera- 
tion of the piston at 20 percent of its 
stroke is required. 

SOLUTION: 

Constants of Mechanism: 


f=vP-—r= x0.7 — 0.21? — 0.66776 ft. 





p 0.49 
R, = f = 0.66776 = 0.73380 ft. 
_ mn _ 3,0007 _ i 
sega ы 314.16 ra4 /sec. 


Piston Displacement: 


x = 0.20x2r — 0.20X2X0.21 — 0.084 ft. 
&—-r-Fl—2z-20214- 0.7 — 9.084 


= 0.826 ft. 
Angle of Fixed Point’s Ray: 
¥_ = _ 0826 _ 
cotan 2 ^f^ 966776 ^ 1.2370 
№ ai o , " 
9^ 38° 57' 11 
у = 77° 54' 22" 


Piston's Acceleration: 
а = о? (£ — R»sin? у) 
(314.16)? (0.826 — 0.73380 sin? 
77° 54' 22") 
= 13,817 ft. /sec.? 


Fig.16 


Acceleration curve 
/ 


Velocity curve 





Fig. 16—New graphical construction for obtaining the piston acceleration. For the 
magnitude of R, see Table IV. The numbers indicate the successive steps in the con- 
struction. The method shown here uses the fixed circle of radius R, and the auxiliary 
lines 3-4, 4-5, 5-6 are perpendicular to either M-2 or M-D 
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Table V—Slope of the Motion Curves 
| | 











Slope | Plotted against piston Plotted against crank 
displacement т angle a 
Velocity curve tan y — I A | {ап с = oe 
РОО rT“ d o | = da di da «u 
— — — ا‎ — — —— penses س‎ — 
i la da dt j da da dl j 
Acceleration curve..... (ап ё = 0 = Out oS. سا‎ 
" | dr dt’ dr e ] -— da dt da 


Ltn gy 
The values a, c and j may be taken from Table II (June P.E.) or Table VI 
For tan 6 use final Equations (6) or (12) or (23) 


360° 
Crank Angular Displacement o ——> 


Fig. 15—Typical Y—a diagram. See Figs. 10 and 11 and Equation (13) in Table VI. 
Limiting dead center values Yo and Yı» are given by cos Y= and cos фл»=—\ 


Note: For comparison try the solution 
by using one of the former methods as 
given in Table II. 


PROBLEM 2. Using the data of Prob- 
lem 1, one may compute the position 
and angular motion of connecting rod. 





EN" s | 
M | | Angular Displacement: 
Cronkprn circle, | | cos 8 = n $707 0:907 a 307 
, . ә ws 
= 0.97560 


"В = 12° 41' 0” 
Angular Velocity: 
wg = — ош соз ү = —314.16 cos 77^ 54' 22" 
= — 65.82 rad/sec 
Angular Acceleration: 
єв = o*sin? y tan 8 
(314.16)? sin? 77° 54’ 22” tan 12° 41’ 
= 21,237 rad/sec? 


PROBLEM 3. Using the data of Prob- 
lem 1, the velocity of the piston and the 
position of the crank can be computed. 


Velocity of the Piston: 
c = & о ап В 
= 0.826 X 314.16 tan 12° 41’ 
= 58.40 ft/sec 
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Table VI—Simplest Exact Formulas for Practical Computations 


















































PART OF MECHANISM. VALUE SYMBOL EQUATION | No. 
| f 
Crank „ы | a созо = : cotan y | (13) 
3 t ë = f cotan £ (14) 
Displacement > Е" 2 
| T т=1{-+т—& (15) 
Ea d 
تة‎ Velocity | с= Ж с = Ё о ќап 8 (16) 
and a — e? (E— Ro sim y) (17) 
Piston à . dc 
Acceleration | a °з В, 
= «a Ё — endi B (18) 
2 : 
Jnoreaseof |; da |j -adi +3( 1-4, oo | (19) 
| sin 8 = \ sin a (2) 
Angular f з | 
Dis 'os 8 — = (20) 
e | isplacement 8 cos 8 ЄЗ фај (20) 
Connecting | à a oe с» 
Rod | Angular Velocity о в = = wo, = — «cos y | (21) 
= — — 
Angular | dw g| EP ; 
Acceleration | “gs qu | 5g “o V tan 8 (22) 
w = EC is the constant angular velocity of the crank. 


For constants f, ^, Ay, R;, and R» of the mechanism see Table IV. 
The heavily framed equations are the Principal Equations. 


Select the independent varibale V between the values yo and viso of the dead-centers given 
by the equations: cos Џо = ^; cos yis = — А 





Angular Displacement of Crank: 
idis m d 
cos a = 7 cotan y 


_ 0.66776 
|. 01 
— 0.68133 
a = 42° 57’ 
Checking a by Equation (2) gives the 
same result. 


PROBLEM 4: 


Some points of the acceleration-dis- 
placement diagram are to be computed 
for the crank mechanism given in Prob- 
lem 1. 


SOLUTION: 
For the dead centers find: 


cos Ye = A=0.3; y. = 72° 30’ 33” 
Viso — 1809 — y, — 107? 29' 27" 


We are entirely free to select the 
variable y between these values; how- 
ever, it simplifies the computation if 
every obtuse angle is chosen as a sup- 
plement of one of the selected acute 
angles. 

With f = 0.66776 ft, r + 1 — 0.28 


cotan 77° 54' 22" 





Head-end 
dead center 


Tangent u^ 


------ Stroke 2r 
—— M M1 
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ft, and œw — 314.16 rad/sec. (from 
Problem 1) the procedure of computa- 
tion is as shown in the accompanying 
tabulation on page 378. 

Note: The x and a values for a = 
0°, 90° and 180° may be easily checked 
by using the special formulas of Table 
ҮП. 

Tangents of eurves of motiom. 
The slope of the “undistorted” curves 
of motion is given in the exact equa- 
tions of Table V. Because the values 
plotted on the abscissas and ordinates 
of the motion curves are of different 
dimension, the curves are “undistorted” 
only if the same scale is selected for 
both the unit of the abscissas and the 
unit of the ordinates. If the scales are 
not the same, the curves are distorted. 
Fig. 1, for instance, is undistorted, 
while in Fig. 5 the ordinates have only 
half of the scale necessary for this 
purpose. The motion curves over a in 
Fig. 2 would be undistorted if we 
would have selected the distance W W seo 
equal to the circumference of the crank- 
pin circle. 

Curves of motion obtained by graph- 
ical construction are usually undistorted 
while this does not generally hold true 
for semi-graphical constructions. 

For distorted curves, a factor must 
be used for converting the slope cal- 
culated into the slope of the curve. This 
applies to every equation for the slope 
of the curves of motion presented. 

Fortunately, such numerical evalua- 
tion is seldom needed in practical 
cases. The worth of the formulas is 


circle 





Fig. 17— Application of graphical method shown in Fig. 16 to the dead-center posi- 
tions. Dashed circles can be replaced by dotted straight line (dead center ray). For 


computations see Table VII. Note change of scale in checking constructions 
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Table VII—Special Positions of Crank Mechanism 


Values of piston displacement and acceleration computed by the formulas in this table are used for the simplified construction of t! 
acceleration curve, as in Fig. 1. The value of ^; is computed from à; = X1 — X 
a ss test ns SS EI e hehe e 











Position of Crank Piston Piston 
Mechanism Position —— TA GE TTD Slope of a . . x Curve | Velocity 
a in deg. Displacement Acceleration | 
? f 9 * | 
Head Dead 0 10 = 0 | аа=го? (1+ X) (ап ӧо= — о {1+3 А (1— А) со = 0 
Center D, 
Zu 1— XY | & A ә | 
90 deg. Position 90 Тэо =г{ 1 + Eu а» = — г о? ES | tan d9 = — س‎ Coo = Pw 





Crank Dead | | 
Center Diso 180 Tiso = 2 r adiso 7 —rF w (1— `) | tan 8180 = в? 1 سے‎ 3 A (14- X) | Ciso = 0 


| | 


based rather on their applicability for Tabulating Calculation for Problem 4 
deeper analysis and on the fundamental 
general results already obtained by 
such methods. 


Select the obtuse angles y as supplements of the acute values 











For a speedy and exact tracing of the | ‚| 
a-x curve of acceleration, the special a Y | § =f. ctg Г l—t а = w? (& — R» sin y) 
positions of the mechanism, shown in МО КОР РТА ОНА ОИЕ id DO E e 
Table VII, are of immediate practical 0 | 72° 30° 33” | 0.91 ft. | 0 ft. | . 26944 ft. /sec.? 
importance. The following statement ا‎ n — —À— —— — pedem moltis Кен 
I can be made concerning the tangents (3 | 0.87021 | 0.0398 | 20622 
f th tion curves in these positions: 80 0.79581 | 0.1142 9371 
—— — 85° | 0.72874 | 0.1813 326 
-x Velocity Curve Figs. 1 and 19. ا و اا ا‎ 
e-s Fetelty Curve Figs. Bon 90° 90° | 0.66775 | 0.2423 | —6519 
i 1. At the dead centers D, and D,» the ———i ——— И | —- енен ا‎ 
| c-x curve always has vertical tangents. 95 0.61189 | 0.2981 — 11207 
2. For the 90 de osition of the 100 0.56031 | 0.3497 | — 13872 
. g. pos : 105° | 0.51239 | 0.3976 | — 14696 
crank, a = 90 deg. the c—x curve's — Meist mesi) onset ا‎ нарыда нан к 
tangent at P, always passes through M, 180* 107? 29' 27" | 0.49000 | 0.4200 — 14508 





the crank center. 


a-x Acceleration Curve Figs. 1, 17, 19. 


3. The location of the dead-center ray 
Q.Q.0 and of its intersecting point D, 
with the X-axis influences decisively the 


shape of the a—x curve. See Fig. 17. Ш 24 
4. The tangents at the dead-center Ye Zo 3 


b o n T S 
4 15 circle No.2 | 


points Q, and Qis» on the a-x curve in- 
tersect each other at a point H, which 


| 
| 
i 
| 





ала Qr‏ سي 
p‏ ` . . . 
is always located on a vertical line "Fiese! Jine‏ 
through D,. See Figs. 4 and 17. j i‏ 
The location of H can be easily com- за Hi | Ri i‏ 
cce/era Trion ;‏ —- 
puted from HD, — А. / ewe | Crank‏ 
h = 30), —))rv’ A ; |‏ 
For the 90 deg. position of the circle |‏ .5 
crank, a = 90 deg., the tangent to the i‏ 
a—x-curve at Q. always is parallel to‏ 
the dead-center ray. See Fig. 4. l‏ 
For an undistorted a-x curve the ray‏ 
and tangent intersect the x-axis always‏ 
at —45 deg. See Figs. 1, 17 and 19.‏ 
і Above statement 4, given here for the ]‏ 
first time, is noteworthy in that it is I‏ 2 
valid even in cases where the a-x 1‏ { 
curve of acceleration has one or two‏ | 
I points of inflection. The extremely sim- Р‏ 
і ple graphical constructions shown in ү‏ 
Figs. 17, 19, and 4 are the application ,‏ 
of the relationships expressed in state- Fig. 18—4 second. new method of graphical construction uses the fixed circle R: in "‏ 
ments 3 to 5, given above. order to obtain the piston acceleration. For the magnitude of R, see Table IV. |‏ 
t‏ 


Other applications of the slope equa- Auxiliary lines 23, 3-4, 4-5 are perpendicular to either M-F or M.2 
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,7----Acce/eraftion curve 





Fig. 19—Simple graphical construction for the 90-deg. position. This construction gives 
directly the values of cw and a» as well as the coordinated tangents of the curves 
of motion. See Table VII for the equations to compute the quantities cw and aw 


tions will be found in the sections in- 
vestigating maxima, minima, and points 
of inflection of the curves of motion. 


Graphical  selutions. Graphical 


methods may be used to replace or to 
check computations. A characteristic 
of all graphical methods is the cir- 
cumstance that the constructions can 
be made without paying any attention 
to the angular velocity of the 
crank. Only after having finished the 
geometrical construction does the mag- 
nitude of « have to be considered, 
namely when fixing the scales of the 
required values. 

The needed scales always will bear 
a simple relation to the drafted length 
of r, the crank radius. Thus, for ex- 
ample, in Fig. 10 a simple graphical 
construction for the angular velocity 
95 of the connecting rod is shown. The 
scale of wg is determined after com- 
pleting the graph by having the length 
of the crank radius as drawn equal o», 
the angular velocity of the crank. 

In Fig. 16 the ordinate c is the meas- 


ure of the piston velocity c. In order 


lo get c in feet per second we have to 
introduce a scale determined by desig- 
nating rw of the crank equal to the 
length of the crank radius r, as drawn. 


This well-known construction can be 


seen in almost all engineering manuals. 


Much less known, unfortunately, is 
Mohr’s graphical construction of the 
piston acceleration, Fig. 1. In the 
length MN we find the vector of the 


acceleration a for the selected position 


of the mechanism. The scale for this 
vector is given by the relationship that 


ro” of the crank is equal to the length 
of the crank radius as drawn. 


Two new graphical constructions for 
the acceleration, based on the exact 
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Equations (18) and (17), respectively, 
are given for the first time in Figs. 16 
and 18. Each employs a fixed circle, the 
radii of which, R, and R, are different 
from each other. See Table IV. The 
scales in both of the designs are the 
same as in Mohr’s construction; con- 
trary to Mohr’s, the new methods allow 
a construction also for the dead-center 
positions of the mechanism; Fig. 17 
shows this construction. 

The graphical methods, shown in 
Figs. 17 and 19, are for those special 
points, Qo, Qiso, and Qs, of the a—x curve 
of acceleration, which correspond to the 
dead-center positions and to the perpen- 
dicular position, a = 90°, of the mech- 
anism. These constructions, giving at 
the same time the tangents at Qə 


Qis, and Qw, are extremely simple. 
In the range of the most usual cases, 
4<0.39, the a-x curve has no point 
of inflection, and these three tangents 
determine the character of the a-x 
curve. In this range the three tan- 
gents together with the dead-center ray 
incorporate the “circumscribed poly- 
gon” of the a—x curve, as in Fig. 4, which 
fixes the shape of the curve so accu- 
rately that often it may be unnecessary 
to determine any further points. 


SEMI-GRAPHICAL METHODS. For greater 
convenience and accuracy it is advisable 
to make the constructions of the true 
tangents at Q», Qis», and Q» applicable 
to semi-graphical constructions, which 
do not need the drawing of the crank 
center. A further advantage of these 
methods is that one is entirely free in 
the selection of all scales so that the 
utilization of commercial coordinate 
paper (cross-section paper) and the 
direct use of their printed scales is 
possible. 

In Fig. 4 is shown the semi-graphical 
design of the circumscribed polygon of 
the true a—x curve. Only a few easy 
computations are necessary to find the 
inscribed values for constructions. In 
many cases, especially for A4<0.4, the 
two  tangent-constructed parabolas 
0.0. апа 0.0... shown in Fig. 4. 
may alone give sufficient accuracy. 
though they are only approximations of 
the true a-x curve. 

When greater exactness is needed or 
when points of inflection occur, as in 
the range A>0.4, additional exact 
points of construction, as will be shown 
in Part III, may be preferred to the 
described approximate construction. 





Editor’s Note: The following correc- 
tions are to be noted in Part I of the 
June issue of PRODUCT ENGINEERING. 


In Equations (6) and (6A) of Table 


II the symbol ? should be changed 


to 3. In Equation (6A) the symbol A 
should precede cos a in the denominator. 
In Fig. 1 the two equal areas re- 


ferred to in the last line of the caption 
as shaded, are the two areas between 
the x-axis and the acceleration curve 


(Q,—Q*—S**—Q.,), the one above 


the horizontal axis and the other below. 


Table III is repeated here to indicate 
that B is a subscript rather than a mul- 
tiple of w and s. 


Table III—Equations for the Angular Motion of Connecting Rod 










Connecting Rod Angular Displacement. . . . . 


Connecting Rod Angular Velocity........ 





Connecting Rod Angular Acceleration. ..... 


SYMBOL 











cosa | 
у= =н À ona | (7) 


I 
| 
€ 
8 
E 
R 
Ё 
| > 
® 





The positive sign signifies clockwise rotation like that of the crank. 
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Question and Comment 


Total Load on Bolts 


RANSOM S. THOMPSON 
Chief Engineer, W oodbury Machine Company 


In the “Question and Comment” sec- 
tion for May, 1941, page 263, there 
appeared a discussion on “Total Load 
on Bolts” by Walter M. Haessler of the 
American Car & Foundry Company. 

As Mr. Haessler’s treatment of this 
problem is the first rational one I have 
seen in print, I believe some further dis- 
cussion of the matter is very much in 
order. The fundamental equation (1) 
developed by Mr. Haessler: 


P i 
T (5) "+e 


Total bolt tension 


where 


r 


C; = initial tension on bolt 

a = elastic extension of bolt per unit 
load 

8 — elastic compression of plate per 
unit load 


— load applied 


is identical in meaning with the one 
which I have worked out and have used 
for years in the solution of problems of 
this type. As I have considered a tight- 
ened bolt as an extension spring and 
the material on which the bolt is 
tightened as a compression spring, my 
own equation includes the values K, for 
the spring rate of the bolt in pounds per 
inch and K, for the spring rate of the 
compression member: 


P K: 
Т = С, + (ate) 


Since the symbols K, and K, are in units 
of pounds per inch, they are really the 
reciprocal of Mr. Haessler's « and 6 re- 
spectively (a and being in units of 
inches per pound) and the two equa- 
tions are really the same. Further, the 
three deductions (a), (b) and (c) de- 
rived from this equation by Mr. Haessler 
in his discussion are correct with the 
exception of the very minor point that 
deduction (a) should read “If 8 — О, 
then Т — C, or W, whichever is the 
greater, because the bolt tension will 
exceed the screw-up load if the applied 
load is greater than the initial tighten- 
ing load." 

Despite our perfect agreement up to 
this point, I am forced to disagree with 
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Mr. Haessler on every one of the items 
mentioned in his further discussion on 
the subject: 

(1) Under the same load conditions, 
a “necked-down” bolt will be subject to 
greater stresses than a bolt with a full 
shank. 

(2) The bolts in the “big end” of 
conting rods are necked down in order 
to place the bolt resiliency where it will 
do the least harm and not in an attempt 
to reduce the total stress. 

(3) Long bolts give no better condi- 
tion than short ones if the type of load- 
ing is the same in both cases and if the 
relative resiliency of the threaded sec- 
tions of the bolts is the same in both 
cases. 

(4) The improvement in the life of 
the jackhammer cylinder head bolts 
after the adoption of long bolts was due 
to the difference in the relative resili- 
ence of the threaded and unthreaded 
sections of the different bolts. 

The matter of the stress in necked- 
down bolts can best be seen by an ex- 
ample. In tightening bolts that are sub- 
ject to the type of working load herein 
considered, it is customary to use a 
tightening load at least 50 percent 
greater than the working load. If a full 
shank bolt is tightened to this stress 
against a compression member whose 
area is equal to that of the bolt (and of 
the same material) we have the follow- 
ing load condition: 


- T -2w 
and the stress is e / = where A is the 
cross-sectional area of the bolt. If the 
bolt is now necked down until its cross- 
section area is 0.84, so that « = 1.25 f, 
the following conditions result: 


3W W 


47 = ىو ر = Т‏ 


and stress is 1.9447 /0.84 = 2.43 W/A. 


In practice, the area of the compres- 
sion member is usually much greater 
than that of the bolt, so it will be well 





to investigate that condition. To take 
an extreme example, let x = 9 B. Now, 
for the full-shank bolt: 


Т = эы g 7 160 W 


and the stress is 1.60 W / A. 
For the necked-down bolt, « = 11.25 
B. and 


3W W saia 7 
Т = 9 -t 12535 35 = 1.5816 И 


and the stress is 


1.5816 W W 
08A | = 1007 7 


It is noteworthy that no expression 
for bolt length appears in any of the 
above calculations. In such applications 
as connecting rod “big-end” bolts and 
cylinder head through-bolts, the stressed 
length of the bolt is equal to the stressed 
length of the compression member and 
their relative spring rates are dependent 
only on their relative cross-sections and 
their materials. Thus, a short bolt prop- 
erly designed and applied is fully as 
satisfactory as a longer one. 

The design of bolts for connecting rod 
“big ends” is a complicated problem, 
but the reason that they are necked 
down can be explained as follows: any 
bolt subjected to repeated stress is sub- 
ject to tensile fatigue failure at that sec- 
tion which stretches most under the ap- 
plied load. A full-shank bolt will con- 
centrate most of its flexure in the weak 
section at the root of the thread and 
may soon fatigue at that point. By 
necking down the bolt the flexure of the 
bolt is distributed over the shank, which 
is more able to resist fatigue failure 
than the sharp notch of the thread. 

The case of the jackhammer cylinder 
head bolts is somewhat analogous. The 
short bolts were not subjected to any 
higher stresses than the long bolts, but 
the short bolts offered very little resili- 
ence except at the root of the threads. 


Running Around 
In Circles 
To the Editor: 


I wonder if some of your readers 
would be interested in deriving for 
mulas that will give correct answers t0 
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the questions proposed below. The 
answers are in dispute here. 

An automobile is running at a speed 
of n m.p.h. round a circular highway of 
radius d ft. (d ft., that is, from the cen- 
ter of the circle to a point halfway be- 
tween the two rear wheels). What is 
the angular speed in r.p.m. of each rear 
wheel relative to: 

(a) the ground, 

(b) the chassis of the car, 

(c) the other rear wheel? 


What, moreover, is the angular speed of 
the engine relative to the chassis, 
assuming that the engine is directly 
connected to the drive shaft? To avoid 
unnecessary complication assume (1) 
that the roadway is not banked and (2) 
that the center line of the rear axle 
remains perpendicular to the circle that 
any point on the center line describes. 
Exact, not approximately correct, 
formulas are desired. 
— WILLIAM H. RASCHE 
Virginia Polytechnic Institute 





Grim Reaper Overtakes 


G. E. Goldfish 


To the Editor: 


Death, as it must to all fish, came on 
May 28 to the last of the three famed 
goldfish who worked for a living in the 
laboratory of the General Electric plas- 
tics department at Pittsfield, Mass. 
Death was attributed to loneliness. 

A year ago, the three goldfish became 
“employees” of the General Electric 
Company when it was found they could 
adequately save seven hours a week of 
a man’s time by devouring the algae 
which accumulated on the sides of a 
viscosity measuring bowl and which pre- 
vented chemists from watching reac- 
tions. (P.E. Nov. 1940, p. 503). 

After five months of faithful duty, 
goldfish No. 1 contracted a mysterious 
disease which caused “brown spots” and 
finally death. The death of No. 2 was 
more harsh. He got caught in a pipe 
leading from the bowl, injured his 
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back and “came to the top.” No. 3 died 
of loneliness. 

Dr. G. F. D'Alelio has made known 
that the fish will be replaced when the 
new G.E. plastics laboratory at 1 Plas- 
tics Avenue, Pittsfield, Mass., is com- 
pleted this summer. —K. G. Patrick 

General Electric Co. 


Adhesives “Custom Built” 
For Cementing Fabrics 


[Editor's Note—In our article *Fasten- 
ing Methods for Flexible Sheet Mate- 
rials" (P.E. June 1941, p. 316-317), we 
dismissed adhesives by stating that 
examples of their application were too 
commonplace to deserve much space. 
Since then, we've received several let- 
ters from men acquainted with prob- 
lems of adhesives. In general, they 
agreed with us, adding the comment 
that each "stickum" problem must be 
treated individually. They seemed to 
feel that a little general information 
would be better than nothing, so here 
it is—excerpts from two letters. | 


To the Editor: 


An example of adhesion of cloth to 
felt is the grosgrain ribbon on edges of 
hat brims. A fusible resin composition 
is dissolved in a quick-drying solvent, 
applied to the felt and permitted to dry. 
the ribbon is then bonded to the brim 
with heat and pressure. The cement 
solution should have high viscosity so 
that penetration will be negligible. 

A wide variety of lacquer cements are 
used for attaching cloth to leather, glass, 
metal, cellulose-acetate sheets, wood. 
These cements generally have the dis- 
advantage of being inflammable and the 
great advantage of being waterproof. 

Recent patents cover the manufacture 
of completely opaque window shades 
which are laminated of textile and metal 
foil. This bonding process is carried out 


Can You Wo 


Solution to June problem— 


Call for Mr. Archimedes! 


A large ice cube is floating in a glass 
just full of water. When the cube 
melts, the level of the water will remain 
exactly the same. Reason for this is 
really quite simple. Bodies floating in 
water displace their own weight, hence 
when the ice melts the volume of water 
from the cube will be equal to the vol- 
ume of that part of the ice cube which 
is under the surface. Eureka! 


with permanently plastic resin composi- 
tions which are applied from solution 
and allowed to dry to a highly tacky 
condition before the sheets are pressed 
together. — WILLIAM M. LEE 

The Arabol Mfg. Co. 


To the Editor: 


There are several types of adhesives 
available for fastening flexible sheet 
materials. These are either of a vege- 
table, cellulose or rubber base. Vege- 
tables glues are soluble in water, and 
generally are used where waterproofing 
is not essential and where low-cost is 
desired. 

Cellulose glues are made from nitro- 
cellulose or cellulose-acetate base and 
are used for transparent wrapping, 
leather cements, and cements for plastic 
and metal. Some plastics can be glued 
with a rubber-base cement, depending 
on how long the adhesion must hold. 

These adhesives are usually modified 
to fit the method of application, produc- 
tion speed, drying time required, mate- 
rials, strength required, and other con- 
siderations of the individual concern, 
particularly where production is large. 
It is usually necessary to “custom build” 
each adhesive for best results. 

—TI. A. ScHULIsT 
Midland Glue Products Company 


“Collar Button” Fastener 
To the Editor: 


Sheet rubber is often fastened to 
other materials by a fastener which is 
very similar to a collar button. The 
buttonhole in the rubber is smaller than 
the head of the fastener, and is stretched 
over the head. This operation, unlike 
putting on a starched collar, can be 
performed quite easily without the aid 
of grunts and expletives. 

—ALLEN F. CLARK 
Rubber Chemicals Div. 
E. I. Du Pont de Nemours & Company 


rk This One? 


. SMITH 


This month's problem— 
How Many Widgets? 


A manufacturer seeking  sub-con- 
tractors for widgets contacts A, B, C, 
and D. Company A agrees to make half 
as many widgets as the sum made by 
all the others, B contracts for an amount 
equal to one-third the sum of the others, 
and C can make one-quarter as many as 
the total of A, B and D. Company D: 
takes an order for 325 widgets. How 
many widgets does each make? 
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Defense One Year 


“Соор REASON to be pleased—dare not 
be satisfied,” John D. Biggers of O.P.M. 
states in reviewing first year of defense 
production. 


Defense production passed its first 
birthday on May 28. To mark the occa- 
sion, O.P.M. early last month published 
a booklet “Defense One Year” explain- 
ing what has been accomplished and 
why. This is the picture: 


Machine Tools: Annual volume has 
risen from $220 million in 1939 to $450 
million in 1940 to an estimated $750 mil- 
lion in 1941. About 1,000 machines are 
being delivered daily. 


Tanks: Light tanks (13 tons) are 
being produced at a rate of 150 per 
month. On May Ist Army had 4 times 
as many in service as it had a year ago. 
This will be six-fold by the time you 
read this. Production of medium tanks 


(28 tons) was delayed purposely so that 
machine tools could be sent to more 
critical industries. Quantity production 
will start in the Fall. 


Aircraft: Production of 1,376 mili- 
tary planes in April was three times 
that of June 1940. Nearly 10,500 mili- 
tary planes were produced in the first 
year of Defense. Monthly production, 
excluding civilian planes, was: 


july, 1949......... 9 
MEN vusaness»ao AED 


September ........ 670 

_ о.о ы ТИ 

November ......... 779 

December ........ 900 Military 
and Naval 

January, 1941...... 1,036 957 

Februsty ......... 912 879 

en DAE 1,074 


Milli. cose ИИМ 





Plastic linoleum trim molding, de- 
signed to do a job formerly done by 
crimped aluminum strip or stainless 
steel molding, is here being extruded 
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from a continuous extrusion machine at 
the recently expanded plant of R. D. 


Werner & Company. Material is Ten- 


nessee Eastman's Tenite II. 


Shipbuilding: Ships are slowest of all 
defense production. Major combat 
ships on order at the end of April num- 
bered 360; preliminary work had 
started on 312. Contrast this with the 
43 major ships on order January 1, 
1940. This table presents the picture: 

Jan. 1,1940 — May 1,1941 
On Hand On Hand Ordered 





Battleships 15 15 17* 
Aircraft Car- 
riers 5 6 12 
Cruisers 34 37 54 
Destroyers 218 165 199 
Submarines 87 109 78 
Total 359 332 360 


* * Includes North Carolina and W ash. 
ington, now in service. 


Scout Cars: Coming out at rate of 
400 per month. In July the Army will 
have all its requirements. 


Ordnance: Powder output has risen 
1,000 percent; small arms ammunition 
1,200 percent. Twice as many Garand 
rifles are coming out monthly as in July 
1940. The output of .30-cal. machine 
guns has trebled; that of .50-cal. ma- 
chine guns has quadrupled. Gains of 
40 and 35 percent are reported in field 
artillery and anti-aircraft artillery. 


OPM Orders 50 Percent 
Cut in Cork Manufacture 


MANUFACTURE of cork products must be 
reduced by 50 percent in the interests 
of National Defense, it was ordered last 
month by OPM. Reason: insufficient 
imports and shipping uncertainties. 

While direct military requirements 
for cork are small, substantial quanti- 
ties are used in industrial operations re- 
lated to defense. Cork consumption in 
1940 was divided as follows: .container 
caps, 15 percent; gaskets and washers, 
12 percent; linoleum and floor cover- 
ings, 10 percent; insulation board, 40 
percent; other insulation, 20 percent; 
micellaneous, 3 percent. 

In the past, Portugal has supplied 
roughly 60 percent, North Africa 25 per- 
cent and Spain 15 percent of cork im- 
ports. North Africa and Spanish im- 
ports have been shut off, and the possi- 
bility of obtaining further supplies from 
Portugal is uncertain. 
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Packard Nearly Ready For 
Rolls Engine Production 


NiNE MONTHS AGO the Packard Motor 
Car Company signed a contract with the 
United States and British governments 
to produce 9,000 Rolls-Royce Merlin XX 
airplane engines. Since last September 
Packard has been quietly but swiftly 
preparing the gigantic industrial plant 
necessary to produce these at the rate 
of 800 finished motors a month. 

Some conception of the size of the 
undertaking may be gained from the 
fact that the Rolls project, in full pro- 
duction, will employ 17,000 men. The 
contract called for a tooling program in 
excess of $28,000,000. Many of the 
3,000 machines in this plan had to be 
designed for the job. All had to be 
ordered. 

Ground was broken less than 9 
months ago for three major new factory 
units totalling 500,000 sq. ft. These 
were completed in April. Packard found 
an additional 500,000 sq. ft. by consoli- 
dating automotive departments. Simul- 
taneously, an expanding engineering 
department completely re-drafted the 
Rolls-Royce engine to accommodate 
American methods, machines, tools and 
accessories. On May 13 the first of nine 
pilot engines was completed. Manu- 
facture on production basis will be in 
full swing within the next few weeks. 





Effect of eyelie stress in acceler- 
ating corrosion is dramatically shown 
in these illustrations from a paper “Pit- 
ting and Its Effect on the Fatigue Limit 
of Steels Corroded under Various Con- 
ditions,” presented June 26 by D. J. Mc- 
Adam, Jr. and G. W. Geil at the Annual 
Meeting of A.S.T.M. Bureau of Stand- 
ards research shows that corrosion pits 
are hemispherical at first, but change 
with time to saucerlike forms and 


Do You Know That— 


AN IN-LINE AIR-COOLED ENGINE, a 12- 
cylinder, supercharged inverted V-type 
of more than 500 hp., has been devel- 
oped for Navy combat planes. Its 


spread along the surface as shown in 
the two magnified cross-sectional views 
at left. (Nickel steel; 175 days in dis- 
tilled water.) Cyclic stress causes trans- 
verse extension of round or irregular 
pits, with development of fissures as 
shown at right. (Nickel steel; 149 days 
in distilled water; stressed to 4,000 lb. 
per sq. in., 1,450 cycles per min.) These 
effects lower fatigue limit, and are more 
pronounced with carbon steels. 


designers believe larger in-line air- 
cooled engines are quite feasible. (50) 

HoLLow-BLADED STEEL propellers for 
military aircraft will go into produc- 
tion soon. They are lighter and less 
subject to pitting. (51) 





Conical Mandrel Tests Stretchability of Finishes 


AN IMPROVED TECHNIQUE for evaluating 
the distensibility of organic finishes, de- 
scribed by H. G. Arlt in Bell Laborato- 
ries Record for June, involves wrapping 
the test specimen—such as an enameled 
steel sheet—around a conical mandrel 
and computing the elongation limit of 
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the finish. from the cracks. Mandrel, 
shown in use at left, varies in diameter 
from 4 to 1% in. Elongation of the 
outer face of the bent panel can be de- 
termined quantitatively. With finishes 
over 0.001 in. thick, a correction is made 
for added thickness. Relation between 


elongation and mandrel diameter varies 
slightly with different sheet metals. To 
prevent sliding action of the drawbar 
from marring the finish, two sheets of 
Kraft paper lubricated with tale are 
used. Coatings tested without and with 
these slip planes are shown at right. 
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Sinking of the Bismarck is the 
subject of heaviest engineering thought 
in Washington these days, though pre- 
cisely nothing official is said. One can 
reasonably guess that the experts are 
worried on two counts. One: the Nazi 
man-of-war possibly was superior to 
anything else afloat—despite the pro- 
tests of Navy Secretary Knox to the con- 
trary. Two: the damage-make ready for 
the kill was performed by airplanes 
firing torpedoes. Every day there are 
more editorials and more speeches in 
Congress. Many of them bluntly say it 
is silly to build $70,000,000 battleships 
when that same money would buy four 
or five hundred big bombers, any one of 
which might sink such a ship and a 
thousand men with it. No one has yet 
advocated stopping fleet construction. 


Mosquito boat carriers are up for 
discussion again. Several years ago, 
when information was easier than it is 
now, it was said that taking mosquito 
boats to the open sea would be futile, 
because the water is usually too rough 
for them. But now, Congressman Mel- 





Just to prove that the new Chevrolet 
4x4 Army trucks with 4-wheel drive can 
climb, General Motors built this 60-per- 
cent grade and drove a few of them up 
while Army officers looked on. Simi- 
larly, the trucks made hub-cap-deep 
mud-holes look like duck soup. A spe- 
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vin J. Maas, of Naval Affairs Commit- 
tee, says he finds that no study has been 
made. Chairman Vinson, who is well 
informed on naval matters, says he is 
impressed by the possibilities of a tor- 
pedo boat carrier; that they could oper- 
ate when the weather is unsuitable for 
torpedo planes. 


Fifty baths an hour are provided 
for soldiers on the march by a new 
trailer unit being tested by the Army 
in current maneuvers. The trailer car- 
ries a boiler which provides hot bath 
water and steam for sterilizing soiled 
clothing. Four tents are used for un- 
dressing, for physical examination, 
salvaging used clothing, and for issuing 
clean garments. 


Experimental station at Washing- 
ton Navy Yard is being approved in 
Congress. There is a critical need for 
the Navy ordnance laboratory; it will 
be used particularly to experiment with 
new types of mines as a result of reports 
that the Germans have developed a mine 
that can be detonated by the sound of 
the engines of a passing ship. 


cial oil pan permits steep climbs with 
full lubrication of bearings and without 
excessive oiling of cylinder bores. Chas- 
sis and body are set 3 in. closer to 
ground, but 2 in. additional clearance 
is obtained by special transfer case de- 
sign. Cab floats on rubber. 














Air Corps questions the value of 
gliders in combat, and has told Congress 
so. Officers studying the matter believe 
that better results can be obtained with 
parachute troops. Suppose one tow 
plane and three big gliders carries 60 
men. One big 60-man transport plane 
would cost more, but it would move the 
men faster. Nevertheless, Air Corps has 
several officers working on glider devel. 
opment; has authorized the training of 
a few glider pilots; and is purchasing 
30 gliders, type not stated. 


For the aircraft engine laboratory 
at Cleveland, operated by the National 
Advisory Committee for Aeronautics, 
President Roosevelt is asking an in- 
creáse in funds from $8,400,000 to $13,- 
300,000. The plant will not be in opera- 
tion for a year or so. There is a con- 
stantly-growing need for more power, 
due to increasing weight of armor, 
armament and fuel for longer range. 
Airfoil design has reached a plateau, 
perhaps temporary, and now everything 
depends on concentrated power. 


Biggest airplane that the Army fore- 
sees as being in regular operation in 
the foreseeable future would weigh 80 
tons, have a 30-ft. wheel spread. Emer- 
gency landing fields are to be surfaced 
to take this load. 


Division of Purchases (O.P.M.) 
will within a few weeks initiate a pro- 
gram of simplification of consumer 
goods to make more factory room for 
defense. Simplification will be at. 
tempted first in the radio industry, in 
hand tools and in hardware. 


Bombs don't hurt bridges much, 
according to Col. Lacey Murrow, a 
reserve Engineer on assignment to Pub. 
lic Roads Administration, who has been 
checking up on the war in England. In 
most cases the bombs go harmlessly 
through the deck and explode below. 


Tank-carrying planes have been 
discussed before Congressional com- 
mittees. Preliminary reports are that 
the Germans brought half-size “light” 
tanks (five to seven tons) to Crete in 
planes. The tanks were carried in parts, 
designed for quick assembly. The Army 
believes that the great distances which 
it must cover in this hemisphere to reach 
points of possible attack, will require 
the use of much air-borne equipment. 
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New Materials an 


Electrical Counter 


Designed and introduced as an in- 
expensive companion piece to the 
Autelco Jr. Relays, this new electrical 
counter is known as the Autelco Jr. 
Counter and is built for high-speed 
а.с. ог d.c. operation. It is adapted to 
general industrial use, coin-operated 





devices, etc., and is of the non-reset 
type. It counts up to 99,999, and then 
repeats. Maximum operating voltage 
is 240 volts, d.c., or 50-60 cycles, a.c. 
For a.c. operation, maximum speed is 
15 counts per sec.; for d.c. operation, 
maximum speed is 20 counts per sec. 
Automatic Electric Co., 1033 W. Van 
Buren Ave., Chicago, lll. 


Large Gear Pump 


Larger size gear type hydraulic 
pressure generator, known as Model 
G-60, has a delivery of 60 gal. per 
min. at 1,000 lb. per sq.in. line pres- 
sure. The pump is a constant delivery 
type. Close tolerances are maintained 
between working parts so that pump 
output efficiency is high. Precision spur 
gears of narrow width and large pitch 
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diameter are used, reducing both the 
hydraulic load on the gears and the 
distance between the gear shaft bear- 
ings so that shaft deflection is mini- 
mized. Gear shafts are mounted on 
precision Timken tapered roller bear- 
ings. Internal adjustment permits com- 
pensation for bearing wear. The 
Hydro-Power Model G Pump is recom- 
mended for operation at 1,000 lb. per 
sq.in., where peak pressures are mo- 
momentary; or for operating up to 500 
lb. per sq.in., where peak pressures 
are maintained. Hydro-Power Systems, 
Inc.. Mt. Gilead, Ohio. 


Carbonyl Iron Powder 


Carbonyl iron powder, which differs 
from other commercial iron powders 
in that it has an extremely small 
spherical particle size ranging from 
14 to 5 microns, is now being produced 
in the United States. Principle uses for 
this fine powder at present are in elec- 
trical devices, such as iron cores, choke 
coils, etc., where the small particles 
are desired to reduce hysteresis losses. 
Carbonyl iron powders are also espe- 
cially suitable for certain types of 
sintered alloys in the fast-growing 
field of powder metallurgy. Grades of 
carbonyl iron powder will soon be de- 
veloped specifically for powder metal- 
lurgy. The material is being produced 
at the Grasselli, N. J. plant of the 
General Aniline Works. Sales agent 
is Advance Solvents & Chemical Corp., 
245 Fifth Ave., New York, N. Y. 


Coil Winding Gage 


Speeds as high as 9,000 turns per 
min. can be counted by the new Clip- 
per high speed coil winding counter, 
designed for direct connection to the 
motor shaft or for operation through 
a flexible shaft. Reset to zero is accom- 
plished with a single motion. Unique 
pointer design gives instant visual 
check of reset. Turns taken off the coil 
in case of over-run which may occur 
in high-speed winding are deducted 
by the Clipper. Large, legible figures 
read to 10,000 turns. Pointers have 
specially designed friction hubs which 
have large bearing area for depend- 





ability and minimum wear. Main 
bearing is Oilite, and gears are hobbed 
throughout for precision. The gage 
can easily be aligned by shifting the 
adjustable base. Production Instru- 
ment Co. 702-10 W. Jackson Blvd., 
Chicago, Ill. 


Tubular Lamp 


This new tubular lamp fits into a 
T64 tubular bulb that is only }-1 in. in 
diameter and 5 in. long. It has its own 
built-in reflector in the form of a pure 
silver lining hermetically sealed inside 
the bulb where it cannot tarnish or lose 
in operating efficiency. Brilliance is in- 
creased by a special filament, coiled 
once and then recoiled over its entire 
length to provide a more concentrated 
and economical light. Three metal sup- 
ports anchor the filament in place and 
protect it against vibration hazards. 
Available in 15, 25, and 40-watt sizes. 
Average burning life is 1,000 hr. 
Wabash Appliance Corp. Brooklyn, 
| ғ 
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Explosion-Proof Pump 


Midget size explosion-proof pump. 
designated as Model D, can be used 
in all industrial, pilot plant, labora- 
tory and experimental applications 
where an explosion-proof unit is neces- 


sary. Maximum pressure is 16 lb. per 
sq.in.; maximum capacity is 5.7 gal. 


per min. Motor is 1/12 hp. 3.450 


r.p.m., for use on single-phase 110 or 
220-volt, 60-cycle, a.c. Motor, armature 
and pump impeller are mounted on a 
single shaft. Available in stainless 
steel, Monel metal, chromium plated 
bronze, brass, cast iron, and other 
alloys. Eastern Engineering Co.. 45 
Fox St., New Haven, Conn. 


Combination Starters 


By combining a magnetic switch with 
a hand-disconnect switch in the same 
inclosure, these starters save wiring. 
insure greater safety to the operator, 


and result in compact installation and 


improved appearance. The disconnect 
switch lever is located on the front 
instead of on the side of the cabinet. 
Three holes for padlocks in the dis- 
connect switch lever permit the switch 


to be locked when the lever is off. 


One, two or three padlocks can be 
used. Hence, electrician, mechanic and 
millwright may each insert padlocks, 
and the switch cannot be closed until 
all three padlocks are removed. The 


cover can be padlocked independently 
of the operating lever. Both disconnect 
switch and solenoid switch have silver 
alloy contacts. Available in four sizes 
in a variety of inclosures with or with- 
out fuse clips. Ratings range from 
2 hp., 220-440-550 volts for the Size 0 
starter, to 30 hp., 220 volts, and 50 hp., 
440-550 volts for the Size 3 starter. All 
sizes have interrupting capacity at 
least ten times the maximum horse- 
power rating. Allen-Bradley Co., 1311 
S. First, Milwaukee, Wis. 


Four-Pole Relay 


New four-pole industrial relay is 
compact, small in size, and positive 
and reliable in action. Designated as 
Series 980, these relays are only 21 in. 
wide, 1j in. high, and 2j in. deep. 
Capacity is 10 amp. at 110 volts, Avail- 
able with }-in., /&-in., or 4-in. contacts; 
four-pole, single-throw, either normally 


open or normally closed; four-pole, 


double-throw; or four-pole, two make 
and two break as illustrated. Advance 
Electric Co., 1260 W. 2nd St. Los 
Angeles, Calif. 


Black Finish for Copper 


A new Electro-Jetal Process, which 
can blacken any metal that can be 
copper-plated, gives a black rustproof 


finish on copper by anodic oxidation. 


After preplating with copper, products 
are immersed in a special electrolytic 
oxidizing bath for 2 to 5 min. The 
resulting velvety black surface of 
Electro-Jetal is an excellent absorptive 
base for an after-treatment of oil, wax 
or lacquer which gives a non-porous, 
rust-proof finish equivalent to ordinary 
nickel plate. The new  Electro-Jetal 
bath can be operated at any tempera- 
ture below the boiling point of water, 
using ordinary steel containers heated 
by steam coil. Work can be oxidized 
on racks, in bulk or baskets. Cost of 
chemical, exclusive of the copper plate. 
is approximately 25 cents per 1.000 
sq.ft. of surface. Alrose Chemical Co., 


Providence, R. I. 


Mycalex Now Injection 
Molded 


Mycalex, a plastic material com- 
posed of ground mica and lead-borate 
glass, can now be injection molded. 
The material has been available for 
several years in compression-molded 
plates and bars which could be ma- 
chined to specified shape. In general, 
Mycalex has better electrical charac- 
teristics than porcelain, and is stronger 
except under compression. It is not as 
refractory as porcelain or mica, but 
is superior in this respect to ordinary 
molded compounds. Its use is par- 
ticularly advantageous where require- 
ments demand high dielectric strength 
and insulation resistance; low losses 
at high frequencies; high mechanical 
strength; arc resistance; heat resist- 
ance; and a compact construction 
with metal inserts securely molded in 
place. In addition, Mycalex has high 
chemical and dimensional stability, and 
has low coefficient of thermal expan- 
sion. Applications of injection-molded 
Mycalex are tube bases, switch insula- 
tion, radio structural parts, arc chutes, 
relay insulators, and as inserts in die- 
castings and organic plastics. General 
Electric Co., Pittsfield, Mass. 


Tachometer 


To eliminate the undesirable features 
of the conventional d.c. tachometer, a 


new a.c. tachometer uses no brushes 


or commutator in the non-sparking gen- 
erator unit. The a.c. voltage generated 
is rectified and indicated in terms of 
rotational or linear speeds. In the 
illustration, the indicating instrument 


to the left can be calibrated in r.p.m., 
ft. per min. gal. per min. or other 
units depending on the application. 


Westinghouse Electric & Mfg. Co. 
East Pittsburgh, Pa. 
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Agitator Drive 


Because this new agitator drive. 
designated “Portereducer,” utilizes the 
planetary system of gearing, the unit 
has several advantages over other re- 
duction gears now in use in agitators. 
Many more teeth are in action than in 
conventional systems; this fact means 
that operation is smoother, greater re- 
duction can be accomplished in a 
given space, and tooth load is at a 
minimum for any given torsional effort. 


Quiet, smooth operation is effected by 
the use of helical gears. Heat-treated 
alloy steel gears and shafts, and Tim- 
ken anti-friction bearings insure maxi- 
mum strength and durability. Designed 


to use standard NEMA frame motors. 


H. K. Porter Co., Inc., 4969 Harrison 
St., Pittsburgh, Pa. 


High-Speed Belt 
Endless belt for high-speed preci- 


sion work, known as the Gilmer-Heva- 
loid Belt, has such pliability and light- 
ness in weight that it is suitable for 
operation at speeds up to 9,000 ft. 


per min, over pulleys of small diame- 


ters. A unique process of impregnating 
the cotton pulling element with latex 
results in special qualities of elasticity, 
strength and durability. Made without 
lap, seam or splice, the belt operates 
free from vibration, Non-slip surface 
with high coefficient of friction per- 
mi's lighter tension, decreased bearing 
load, and maintains a higher and more 
uniform driven speed on drives such 
as routing machines, winders, grinders 
and similar applications. L. H. Gilmer 
Co., Tacony, Philadelphia, Pa. 
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Spark-Proof Wheel 


To prevent the development of 
sparks caused by either striking an 
abrasive or the building up of a static 
electric potential in the truck, these 
non-metallic truck wheels of laminated 
plastic material have an electrical con- 
ductor embedded in the plastic sur- 
rounding the hub and extending to the 
rim of the wheel. This conductor is a 
soft copper wire or cable, and prevents 
a potential capable of producing a 
spark from being built up on the truck 
or its load. Divine Bros., Utica, N. Y. 





Dry Developer Paper 


This improved sensitized paper for 
white print dry developer or ammonia 


vapor machines has a 50 percent rag 
content as compared with the sulphite 
stock used in existing papers. It has 
two “speeds” in sensitivity, regular and 
fast. It is available in two colors, deep 


royal blue, and “Post” red. The new 
sensitizing medium is claimed to print 
out to a cleaner, whiter background 
and at the same time leave all lines 
in deeply colored contrast. Special 
emphasis is placed upon the crisp de- 


tail of fine lines. Samples of “Vapo- 


paper” are available free to users of 
ammonia vapor machines who are will- 
ing to submit a brief report on its per- 
formance in return. Frederick Post Co., 


Box 803, Chicago, Ill. 


Tube Fitting 


On this new fitting, known as the 
Ermeto safety fitting, the cutting edge 
of a hardened ring shears a groove 
into the outer surface of the tube. The 
resulting leak-proof joint cannot be 
pulled apart and holds beyond the 
burst strength of the tube itself. No 
flaring, threading, soldering or weld- 
ing is necessary. Connections made can 
be easily taken apart and remade with- 








out affecting the tightness of the joint. 
Ermeto fittings made from steel are 
ideal for high-pressure applications in 
aviation, machine-tool, petroleum, oil- 
refining, refrigeration, automotive, rail- 
road, and are available as nipples, 
connectors, unions, elbows, tees and 
sleeves for tube diameters ranging from 
4 in. to 14 in. outside diameter. The 


Weatherhead Co., Cleveland, Ohio. 


Magnetic Starters 


Separate Bakelite units for each pole 
of these new magnetic solenoid starters 
and contactors, sizes 0 and 1, confine 
the arc and exclude dust. All connec- 
tions are made from the front, and 
coils with clearly visible ratings are 
easily changed. Separate electrical 
interlock switch, inclosed in Bakelite, 


is supplied normally open or normally 


closed. Reset button is independent of 
the cover. Positive quick make and 
break switching mechanism in overload 


relay is insulated from the bimetal 


and heater. Overload relays are regu- 


larly supplied for manual reset, but 
can be changed for automatic reset if 
desired. Suitable for control of motors 
up to 7} hp., single or polyphase, 
110-550 volts a.c. The Arrow-Hart & 


Hegeman Electric Co., 103 Hawthorn 
St., Hartford, Conn. 
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Sinking of the Biemarck 


i af ngineering theught 


Wa gion these days, though pre 
thing official is said. One can 
easonably guess that the е Xperts are 
worried on two counts. One: the Nazi 


possibly was superior to 
afloat 
tests of Navy Secretary Knox to the con 
trary. Two: the damage-make ready for 


man-of-war 


invthing else despite the pro 


the kill was performed by airplanes 
firing torpedoes. Every day there are 
more editorials and more speeches in 
Many of them bluntly say it 
is silly to build $70.000.000 battleships 


when that same money would buy four 


Congress. 


or five hundred big bombers, any one of 
which might sink such a ship and a 
thousand men with it. No one has yet 
advocated stopping fleet construction. 


Mosquito boat carriers are up for 
discussion again. Several years ago, 
when information was easier than it is 
now, it was said that taking mosquito 
boats to the open sea would be futile, 
because the water is usually too rough 


for them. But now, Congressman Mel- 





Just to prove that the new Chevrolet 
Ix1 Army trucks with 4-wheel drive can 
climb, General Motors built this 60-per- 
cent grade and drove a few of them up 
while Army officers looked on. Simi- 
larly, the trucks made hub-cap-deep 


mud-holes look like duck soup. \ spe- 
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l. Maas. of Naval Affairs Commit 
tee. save he finds that no study has been 
made. Chairman Vinson, who is well 
informed on naval matters, says he is 
impressed by the possibilities ot a tor 
pedo boat carrier; that they could oper 
ate when the weather is unsuitable for 
torpedo planes. 


Fiftv baths ап hour аге provided 
for soldiers on the march by a new 
trailer unit being tested by the Army 
in current maneuvers. The trailer car- 
ries a boiler which provides hot bath 
water and steam for sterilizing soiled 
clothing. Four tents are used for un- 
physical examination, 
salvaging used clothing, and for issuing 


dressing, for 


clean garments. 


Experimental station at Washing- 
ton Navy Yard is being approved in 
Congress. There is a critical need for 
the Navy ordnance laboratory; it will 
be used particularly to experiment with 
new types of mines as a result of reports 
that the Germans have developed a mine 
that can be detonated by the sound of 


the engines of a passing ship. 


cial oil pan permits steep climbs with 
full lubrication of bearings and without 
excessive oiling of cylinder bores. Chas- 
sis and body are set 3 in. 


ground, but 2 in. additional clearance 


closer to 


is obtained by special transfer case de- 
sign. Cab floats on rubber. 
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Ar Corps questions the va 
gliders in combat, and has told ( 

so. Ofheers studying the matter | 

that better results can be obtained 
parachute troops. Suppose one м 
plane and three big gliders carrie ) 
men. Öne big 60-man transport pline 
would cost more, but it would move the 


men faster. Nevertheless, Air Corps has 
several officers working on glider de\ el 
opment; has authorized the training o 
a few glider pilots; and is purchasing 
30 gliders, type not stated. 


For the aircraft engine laboratory 
at Cleveland, operated by the National 
Advisory Committee for Aeronautics, 
President Roosevelt is asking an in. 
crease in funds from $8,400,000 to $13.. 
300.000. The plant will not be in opera- 
tion for a year or so. There is a con- 
stantly-growing need for more power, 
due to increasing weight of armor, 
armament and fuel for longer range 
Airfoil design has reached a plateau, 
perhaps temporary, and now everything 
depends on concentrated power. 


Biggest airplane that the Army lore 
sees as being in regular operation in 
the foreseeable future would weigh 80 
tons, have a 30-ft. wheel spread. Emer. 
gency landing fields are to be surfaced 
to take this load. 


Division of Purchases (0.P.\.) 
will within a few weeks initiate a pro 
gram of simplification of consumer 
goods to make more factory room for 
defense. Simplification will be at- 
tempted first in the radio industry, in 
hand tools and in hardware. 


Bombs don’t hurt bridges much, 
according to Col. Lacey Murrow, a 
reserve Engineer on assignment to Pub- 
lic Roads Administration, who has been 
checking up on the war in England. In 
most cases the bombs go harmlessly 


through the deck and explode below. 


Tank-carrying planes have been 
discussed before Congressional com- 
mittees, Preliminary reports are that 
the Germans brought half-size "light" 
tanks (five to seven tons) to Crete in 
planes. The tanks were carried in parts, 
designed for quick assembly. The Army 
believes that the great distances wh h 
it must cover in this hemisphere to reach 
points of possible attack, will require 
the use of much air-borne equipment 
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New Ma 


Electrical Counter 


lesigned and introduced as an in 
expensive piece to the 


Autelco Ir. 
counter is known as the Autelco Jr. 


companion 
Relays. this new electrical 


Counter and is built for high-speed 
ac. or d.c, operation. It is adapted to 


general industrial use. coin-operated 


devices, etc., and is of the non-reset 
type. It counts up to 99,999, and then 
repeats. Maximum operating voltage 
is 240 volts. d.c.. or 50-60 cycles. a.c. 
For a.c. operation, maximum speed is 
15 counts per sec.; for d.c. operation, 
maximum speed is 20 counts per sec. 
Automatic Electric Co., 1033 W. Van 


Buren Ave., Chicago, lll. 


Large Gear Pump 


Larger size gear type hydraulic 
pressure generator, known as Model 
6-60, has a delivery of 60 gal. per 
min. at 1.000 lb. per sq.in. line pres- 
sure. The pump is a constant delivery 
type. Close tolerances are maintained 
between working parts so that pump 
output efficiency is high. Precision spur 
gears of narrow width and large pitch 


diameter are used, reducing both the 
hydraulic load on the gears and the 
distance between the gear shaft bea 
ings so that shaft deflection is mini 
mized. Gear shafts are mounted on 
precision Timken tapered roller bear 
ings. Internal adjustment permits com- 
wear, The 
Hydro-Power Model G Pump is recom- 


mended for operation at 1.000 lb. per 


pensation for bearing 


sq.in.. where peak pressures are mo- 
momentary; or for operating up to 500 
lb. per sq.in. where peak pressures 
are maintained. Hydro-Power Systems, 


Inc.. Mt. Gilead, Ohio. 


Carbonyl Iron Powder 


Carbonyl iron powder, which differs 
from other commercial iron powders 
in that it has an extremely small 
spherical particle size ranging from 
l4 to 5 microns, is now being produced 
in the United States. Principle uses for 
this fine powder at present are in elec- 
trical devices, such as iron cores, choke 
coils, etc.. where the small particles 
are desired to reduce hysteresis losses. 
Carbonyl iron powders are also espe- 
cially 
sintered 


suitable for certain types of 
alloys in the fast-growing 
field of powder metallurgy. Grades of 
carbonyl iron powder will soon be de- 
veloped specifically for powder metal- 
lurgy. The material is being produced 
at the Grasselli, N. J. plant of the 
Aniline Works. Sales agent 
is Advance Solvents & Chemical Corp.. 


245 Fifth Ave.. New York. N. Y. 


General 


Coil Winding Gage 


Speeds as high as 9.000 turns per 
min. can be counted by the new Clip- 
per high speed coil winding counter. 
designed for direct connection to the 
motor shaft or for operation through 
a flexible shaft. Reset to zero is accom- 
Unique 
pointer instant visual 
check of reset. Turns taken off the coil 
in case of over-run which may occur 


plished with a single motion. 


design gives 


in high-speed winding are deducted 
legible figures 
10.000 turns. Pointers have 
specially designed friction hubs which 


by the Clipper. Large, 
read to 


have large bearing area for depend- 


terials and 


ability and minimum wear. Main 
bearing is Oilite, and gears are hobbed 
throughout for precision. The gage 
can easily be aligned by shifting the 
adjustable base. Production Instru 
ment Co.. 702-10 W. Jackson Blvd.. 


Chicago. Ill. 


Tubular Lamp 


This new tubular lamp fits into a 
Тб} tubular bulb that is only ji-l in. in 
diameter and 5 in. long. It has its own 
built-in reflector in the form of a pure 
silver lining hermetically sealed inside 
the bulb where it cannot tarnish or lose 
in operating efficiency. Brilliance is in- 
creased by a special filament. coiled 
once and then recoiled over its entire 
length to provide a more concentrated 
and economical light. Three metal sup- 
ports anchor the filament in place and 
protect it against vibration hazards. 
Available in 15, 25. and 40-watt sizes. 
burning life is 1.000 hr. 
Brooklvn. 


Average 
Wabash 
N. Y. 


Appliance Corp.. 








Explosion-Proof Pump 


Midget size explosion-proof pump. 
designated as Model D, can be used 
in all industrial, pilot plant, labora- 
tory and experimental applications 
where an explosion-proof unit is neces- 


sary. Maximum pressure is 16 lb. per 


sq.in.; maximum capacity is 5.7 gal. 





Motor is 1/12 hp. 3.450 
r.p.m., for use on single-phase 110 or 
220-volt, 60-cycle, a.c. Motor, armature 


pel min. 


and pump impeller are mounted on a 


single shaft. Available in stainless 
steel, Monel metal, chromium plated 
bronze. brass, cast iron, and other 
alloys. Eastern Engineering Co.. 45 


Fox St. New Haven, Conn. 


Combination Starters 


By combining a magnetic switch with 
a hand-disconnect switch in the same 
inclosure, these starters save wiring, 
insure greater safety to the operator, 
and result in compact installation and 
improved appearance. The disconnect 
switch lever is located on the front 
instead of on the side of the cabinet. 
Three holes for padlocks in the dis- 
connect switch lever permit the switch 
to be locked when the lever is off. 
One, two or three padlocks can be 
used. Hence, electrician, mechanic and 
millwright may each insert padlocks, 
and the switch cannot be closed until 
all three padlocks are removed. The 





cover can be padlocked independently 
of the operating lever. Both disconnect 
switch and solenoid switch have silver 
alloy contacts. Available in four sizes 
in a variety of inclosures with or with- 
out fuse clips. Ratings range from 
2 hp., 220-440-550 volts for the Size 0 
starter, to 30 hp., 220 volts, and 50 hp., 
140-550 volts for the Size 3 starter. All 
sizes have interrupting capacity at 
least ten times the maximum horse- 
power rating. Allen-Bradley Co., 1311 


S. First, Milwaukee, Wis. 


Four-Pole Relay 


New four-pole industrial 
compact, small in size, and positive 
and reliable in action. Designated as 
Series 980, these relays are only 21 in. 
| high, and 2j in. 
Capacity is 10 amp. at 110 volts, Avail- 


able with }-in., 55-in., 


relay is 


wide, l} in. deep. 


or 4-in. contacts; 


four-pole, single-throw, either normally 





normally closed; four-pole, 


double-throw; or four-pole, two make 


open otr 


and two break as illustrated. Advance 
Electric Co., 1260 W. 2nd St. Los 
Angeles, Calif. 


Black Finish for Copper 


A new Electro-Jetal Process, which 
can blacken any metal that can be 
copper-plated, gives a black rustproof 
finish on copper by anodic oxidation. 
After preplating with copper, products 
are immersed in a special electrolytic 
oxidizing bath for 2 to 5 min. The 
resulting velvety black 
Electro-Jetal is an excellent absorptive 
base for an after-treatment of oil, wax 
or lacquer which gives a non-porous, 
rust-proof finish equivalent to ordinary 
nickel plate. The new Electro-Jetal 
bath can be operated at any tempera- 
ture below the boiling point of water, 
using ordinary steel containers heated 
by steam coil. Work can be oxidized 
on racks, in bulk or baskets. Cost of 
chemical, exclusive of the copper plate, 
is approximately 25 cents per 1.000 
sq.ft. of surface, Alrose Chemical Co.. 
Providence, R. I. 


surface of 








Mycalex Now Injection 


Molded 


Mycalex, a plastic material coi 
posed of ground mica and lead-bora: 
glass, can now be injection mold 
The material has been available { 
several years in compression-mold 
plates and bars which could be m 
chined to specified shape. In gener. 
Mycalex has better electrical chara 
teristics than porcelain, and is strong: 
except under compression. It is not 
refractory as porcelain or mica, b 
is superior in this respect to ordina: 
molded compounds. Its use is pa 
ticularly advantageous where requi: 
ments demand high dielectric strengt 
and insulation resistance; low loss: 
at high frequencies; high mechani 
strength: arc resistance; heat resist 
compact constructio 
with metal inserts securely molded 
place. In addition, Mycalex has hig 
chemical and dimensional stability, an 


ance; and a 


has low coefficient of thermal expai 
sion. Applications of injection-molde. 
Mycalex are tube bases, switch insula 
tion, radio structural parts, are chutes 
relay insulators, and as inserts in di 
castings and organic plastics. Genera 
Electric Co., Pittsfield, Mass. 


Tachometer 


To eliminate the undesirable features 
of the conventional d.c. tachometer, a 
new a.c. tachometer uses no brushes 
or commutator in the non-sparking gen- 
erator unit. The a.c. voltage generated 
is rectified and indicated in terms of 
rotational or linear 
illustration, the indicating instrument 
to the left can be calibrated in r.p.m.. 
ft. per min., gal. per min., or other 
units depending on the application 


Westinghouse Electric & Mfg. Co.. 


speeds, In the 


East Pittsburgh, Pa. 
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Agitator Drive 


Because this new agitator drive. 
designated "Portereducer," utilizes th« 
planetary system of gearing, the unit 
has several advantages over other r 
duction gears now in use in agitators. 
Many more teeth are in action than in 
conventional systems; this fact means 
that operation is smoother, greater re 
duction can be accomplished in a 
given space, and tooth load is at a 
minimum for any given torsional effort. 
Quiet, smooth operation is effected by 
Heat-treated 
alloy steel gears and shafts, and Tim 


the use of helical gears. 


ken anti-friction bearings insure maxi 
mum strength and durability. Designed 
to use standard NEMA frame motors. 
H. K. Porter Co., Inc., 1969 Harrison 
St., Pittsburgh, Pa. 


High-Speed Belt 


Endless belt for high-speed preci- 
sion work, known as the Gilmer-Heva- 
loid Belt, has such pliability and light 
ness in weight that it is suitable for 
operation at speeds up to 9,000 ft. 
per min. over pulleys of small diame- 
ters. A unique process of impregnating 
the cotton pulling element with latex 
results in special qualities of elasticity. 
strength and durability. Made without 
lap, seam or splice, the belt operates 
free from vibration. Non-slip surface 
with high coefficient of friction per- 
mits lighter tension, decreased bearing 
load, and maintains a higher and more 
uniform driven speed on drives such 
as routing machines, winders, grinders 
and similar applications, L. H. Gilme: 


Co., Tacony, Philadelphia, Pa 
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Spark-Proof Wheel 


Го prevent the development ol 
sparks caused by either striking an 
abrasive or the building up of a stati 
electric potential in the truck, these 
non-metallic truck wheels of laminated 
plastic material have an electrical con 
ductor embedded in the plastic sul 
rounding the hub and extending to the 
rim of the wheel. This conductor is a 
soft copper wire or cable. and prevents 
a potential capable ol produ: ing a 
spark from being built up on the truck 


Utica, N. Y. 


or its load. Divine Bros.. 























































Dry Developer Paper 


This improved sensitized paper for 
white print dry developer or ammonia 
vapor machines has a 50 percent rag 
content as compared with the sulphite 
stock used in existing papers. It has 
two “speeds” in sensitivity, regular and 
fast. It is available in two colors, deep 
royal blue, and “Post” red. The new 
sensitizing medium is claimed to print 
background 
and at the same time leave all lines 
in deeply Special 
emphasis is placed upon the crisp de- 
tail of fine lines. 


out to a cleaner. whiter 


colored contrast. 
Samples of *Vapo- 
paper" are available free to users of 
ammonia vapor machines who are will 
ing to submit a brief report on its per 
formance in return. Frederick Post Co.. 
Вох 803, Chicago, I}. 


Tube Fitting 


On this new fitting. known as the 
Ermeto safety fitting, the cutting edge 
of a hardened ring shears a groove 
into the outer surface of the tube. The 
resulting leak-proof joint cannot be 
pulled apart and holds beyond the 
burst strength of the tube itself. No 
flaring, threading. soldering or weld 
ing is necessary. Connections made can 


be easily taken apart and remade with 





out affecting the tightness of the joint. 
Ermeto fittings made from steel are 
ideal for high-pressure applications in 
aviation, machine-tool, petroleum, oil 
refining. refrigeration, automotive, rail 
road. and are available as nipples. 
connectors, unions, elbows, tees and 
sleeves for tube diameters ranging from 
! in. to 14 in. outside diameter. The 


Weatherhead Co., Ch veland. Ohio. 


Magnetic Starters 


Separate Bakelite units for each pole 
of these new magnetic solenoid starters 
and contactors, sizes 0 and 1, confine 
the arc and. exclude dust. All conne 
tions are made from the front, and 
coils with clearly visible ratings are 
easily changed. electrical 
interlock switch, inclosed in Bakelite, 


is supplied normally open or normally 


Separate 


closed, Reset button is independent о! 
the cover. Positive quick make and 
break switching mechanism in overload 
relay is insulated from the bimetal 
and heater. Overload relays are regu 
larly supplied for manual reset, but 
can be changed for automatic reset it 
desired. Suitable for control of motors 


poly phase, 


up to 75 hp. single от 
110-550 volts a.c. The Arrow-Hart & 
Hegeman Electrice Co.. 103 Hawthorn 
St.. Hartford, Conn. 











Bronze on Steel Bearings 


Pre-cast bearing Bronze on Steel is 
a thin-wall, laminated type 
of bearing that combines bearing quali- 


essentially 


ties of a high-grade bronze alloy with 
the strength of steel. By casting a 
(S.A.E. 64, 80 percent 
percent tin, 10 
lead) in solid bronze bars, the metals 


bronze alloy 


copper, 10 percent 


are chemically united to form a definite 








eutetic, with the lead 
trapped in the interstices. Next, the 


copper-tin 


center of each casting is removed by 
the borings thus obtained are 
treated in a 


drilling: 
reduced to a powder, 
hydrogen furnace to remove all oxides, 
and then firmly bonded to strip steel. 
The process of manufacturing Ъеаг- 
ings from Bronze on Steel, in strip 
form, is the same as for any other 
type of sheet metal bearing. Advantages 
claimed are higher Brinell hardness, 
greater resistance to pounding and to 
shock, and a comparatively low co- 
efficient of friction. The Bronze on Steel 
bearings can be formed to practically 
any shape required, and can be pur- 
chased already formed or in strip rolls 
up to 400 ft. in length. Pre-cast bear- 
ing Bronze on Steel is also available 
For special 


as a graphited bearing. 


bearing surfaces, the bronze can be 


bonded to both surfaces. Johnson 


Bronze Co.. New Castle, Pa. 








Large Solenoid Starter 


To meet the demand for a larger 
starter with a solenoid switch struc- 
ture, this new unit has a maximum 
horsepower rating of 50 hp., 220 volts. 
and 100 hp., 140-550-600 volts. De- 
veloped to replace the older Bulletin 
710, the new Bulletin 709 
starter has all the features of the 
smaller starter. By employing the sole- 
noid design, the size of the starter has 
been greatly reduced. At the same time 
a generous amount of wiring space is 
provided, and the inclosure is attrac 
tively styled. Arc-interrupting capacity 


solenoid 


is high. The switch has only one mov- 
ing part and is free from complicated 
mechanism. Wiring is made easy by 
plainly marked, accessible terminals. 
and by the white enameled interior 
which eliminates dark shadows. The 
starter is mounted on a self-insulated 
metal baseplate which can be mounted 
on any metal surface without extra 
insulation, Allen-Bradley Co., 1311 S. 
First St, Milwaukee, Wis. 


Bright Copper Plate 


Due to the shortage of nickel, manv 
concerns are thinking seriously of go- 
deposits. 
followed by comparatively light nickel 
deposits. For that reason, bright heavy 


ing over to heavy copper 


advantageous. 
Basic ingredients of a bright plating 
process recently announced are copper 


copper deposits аге 


sulphate, diethvlene triamine and am- 


monium sulphate. Current efficiency 
at both anode and cathode is practis 
cally 100 percent, and the throwing 
power compares favorably with a cya- 
Average current 


density is about 40 amp. per sq.ft. for 


nide copper solution. 


optimum brightness, Operating tem 


perature is 140 deg. F. Equipment is 





rubber lined. Anodes are preferabl 
of electrolytic copper, although ca- 
copper anodes can be used. A cyanid 
copper flash of 2 or 3 min. is requir: 
before plating on zinc or steel. Hansoi 
Уап Winkle-Munning Co. Matawa: 
N. J. 


Centrifugal Coolant Pump: 


Centrifugal which deliver 


cutting oil or compound the mome: 


pump, 


the pump begins to operate, has n 
metal-to-metal contact. This constr 
tion permits the handling of liquid 
charged with filings, small chips, an 
abrasive impurities as large as 0.03 





in. in dia. The pump, the }-hp. ex 
plosion-resisting motor, and the motor 
switch are all assembled as an integral 
unit, compact and simple. The motor, 
which has a notably low starting 
torque, has no brushes or commutator. 
Only half the usual number of Lear- 
ings are required, and the lower bear- 
ing is grease-packed. Between moto: 
and pump is a positive mechanical seal. 
Capacity is 13 to 15 gal. per min. 
full flow, #-in. discharge. Gilbert & 


Barker Mfg. Co., Springfield, Mass. 


Fiber Glass Adhesive Tape 


Adhesive tape of fiber glass, with a 
pressure-sensitive coating, is now avail- 
able. The new product will have a num- 
ber of uses in the electrical industry 
and for insulating other than electri- 
cally. The tape is manufactured from 
common woven glass textile in rolls to 
a full width of 40 in. It can then be 
cut into any desired widths, exactly as 
paper-backed and cloth-backed tapes 
are cut. In use by the consumer it is 
applied and cut just as any other 
adhesive tape. Industrial Tape Corp.. 


New Brunswick, N. J. 
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Micro-Action V alve 


Effective as protection to any con- 
trol valve, and for use with sensitive 
control instruments subjected to pul 
sating flow, this micro-action valve con- 
sists of a solid brass body in which 
a filter is inserted for protection from 
foreign matter. The valve has an ex- 
tremely slight taper so that very sen- 
sitive control of the shutoff is effected. 
It can be installed on the pressure line 
to the diaphragm of a pump governor, 
for instance, to eliminate pulsation. 
The valve will handle steam, fuel oil, 
gas, water or other liquids, with simple 
adjustment for each viscosity. J. A. 
Campbell Co., 645 E. Wardlow Rd., 
Long Beach, Calif. 


Plastic Coating for Castings 


< 


Porous castings which do not quite 
hoid specified pressures, due to factors 
beyond the control of the manufacturer, 
may be made entirely satisfactory by 
impregnating them with a иге? 
phenolic resin designated 7347-A. The 
impregnation is accomplished by fore 
ing the resin into the pores of the 
casting under air pressure; pressures 
between 45 and 100 lb. per sq.in. are 
recommended. Larger castings can be 
sealed and the resin pumped directly 
into the casting. Baking is necessary 
to thoroughly set or polymerize the 
resin. Small castings are baked in an 
oven for several hours at 250 to 275 
deg. F., or preferably in a pressure 
tank by applying steam. Baking under 
pressure produces a cleaner, smoother 
surface. Durez Plastics & Chemicals, 
Inc., North Tonawanda, N. Y. 
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Manufacturers’ Publications 


Materials 


ADHESIVE Tapes—TIndustrial Tape Corp., 
New Brunswick, N. J. Sample folder, 4 
pages, 33 x 84 in. Contains sample strips 
of nine different types of industrial ad- 


hesive tapes. 


Piastics—General Electric Co., Pitts 
field, Mass. “The Change to Plastics” is 
the title of this new attractive folder and 
it gives twelve case histories where plastics 
are used to replace other materials. 


SrEEL—Joseph T. Ryverson & Son, Inc., 
loth & Rockwell Sts., Chicago, lll. Cat 
alog 1941, 268 pages, 43 x 5 in. New 
products, new analyses and new sizes plus 
an increased number of helpful charts and 
tables have been added to this edition of 
Ryerson’s stock list. 


Mechanical Parts 


\IRFLEX COUPLINGS-—Falk Corp., 3001 
W. Canal St., Milwaukee, Wis. Bulletin 
8100, 20 pages, 8% х 11 in. Contains 
typical installation views, discussion of 
principles, and dimension drawings and 
tables covering each type of Airflex coup- 


| 
ings, 


Beartncs—The Timken Roller Bearing 


Co., Canton, Ohio. “The Vital Importance 


of Timken Bearings in National Defense,” 
2 pages, 9 x 12 in. Illustrates and de- 
scribes the Timken efforts in behalf of the 


National Defense Program. 


EXPANSION Вот» 
98 Lafavette Oo New York, N. Y. ( atalog 
Valuable data, 
charts and tables on expansion anchors, 


41, 38 pages, 33 x 6} in. 


with every type of anchor made by Rawl 
plug listed, is included. 

FILTERS Staynew Filter Corp., 25 
Leighton Ave.. Rochester, N. Y. Catalog, 
М pages, 84x11 in. Illustrates and de 
scribes Staynew and Protectomotor filters 
for compressed-air, gases, liquids, engine 
and compressor intake, and for building 
ventilation. Detailed engineering data is 


included. 


Lock Nuts—Security Metal Products, 
Inc., 345 East Kalamazoo Ave., Kalamazoo, 
Mich. One page, 84x11 in. 
tion of the Security vibration proof lock 


Br iet des rip- 


nut. 


OILED-AIR LUBRICATION—C. A. Norgren 
Co. Inc. Denver, Colo. Catalog 400, 24 
3$ x 11 in. Oiled-ain 


{ lubrication 
for high-speed spindle bearings and for 


pages, 


solving other difficult lubricating problems 
is described in this booklet. Lubro-Con 
trol units for the control, cleaning and 


lubrication of air are listed. 


Rawlplug Co., Inc., 


Porous-Bronze Beartncs—Bound Brook 
Oil-Less Bearing Co., Bound Brook, N. J. 
1941 Die List, 12 pages, 84x 11 in. Gives 
complete listing of Compo oil-retaining 
porous bronze bearings. Length sizes are 
now specified “any length up to —” 


Socket Heap Screws — Holo - Krome 
Screw Corp., Hartford, Conn. Pamphlet, 
12 pages, 84x11 in. Illustrates, tabulates 
and gives formulas for dimensions for 
socket set screws and socket head cap 


screws of the hexagonal type. 


Spring WasHers—-National Lock Washer 
Co., Newark, N. J. Iwo bulletins, 12 
pages, 8 x 10 in. One of these bulletins 
covers Kantlink steel spring washers, the 
other covers non-ferrous spring washers 
Particularly valuable is a table of recom 
mended spring washer sizes for a given 


bolt or screw application. 


V.BErLrs-—Manheim Mfg. & Belting Co., 
Manheim, Pa. “Veelos 


24 pages, 93x 10% in. [his interesting 


Picturegraph," 


primer describes by means of pictures th 
principal advantages and applications of 
Veelos adjustable belts. 


Electrical Parts 


ADJUSTABLE SPEED Drive—Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
Bulletin DD-4063, 4 pages, 83x]ll in. 
Gives design details of adjustable speed 
drives between l and 15 hp., including 
motor generator, d.c. drive motor and 
rheostat. Typical curves show variation 
in percentage torque with speed. 


ELECTRICAL EQUIPMENT Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
Catalog 30-000, 64 pages, 83 x 11 in. Revised 
edition of the popular "Quick Selector" 
catalog of electrical equipment for any 
motor, lighting or feeder circuit. 

INSULATING VARNISHES—Irvington Var 
nish & Insulator Co., Irvington, N. J. 
Manual, 34 pages, 84x11 in. 


Designed 
to assist in the proper selection and ap 
plication of insulating varnishes, this 
booklet describes 31 Harvel and Irvington 


insulating varnishes, paints and enamels. 


General Electric 
Bulletin GEA 


Illustrates and 


PLuccING CONTROI 


Co., Schenectady, N. Y. 
3571, 4 pages, 8x 10% in. 
describes G-E plugging control, and shows 
diagrammatically eight different ways to 


apply the plugging switch. 


General Electric Co., 
GEA-3517, 4 pages, 


Describes the compact unit, 


SPEED VARIATOR 
Schenectady, N. Y. 
8x104 in. 
composed of standard parts, which is an 
adjustable speed drive operating from a. 


to drive a d.c. motor. 








Books and Bulletins 





Prevention of the Failure Of 
Metals under Repeated Stress 


BATTELLE MEMORIAL Institute—273 
pages, 171 illustrations, 6Y4x9Y4 in. 
Published by John Wiley & Sons, Inc.. 
440 Fourth Ave., New York, N. Y. 


Price $2.75. 


Fatigue failures, such as have been 


illustrated during the past months in 
Propuct “Causes & 


Cures," can be attributed in large part 


ENGINEERING's 


to lack of knowledge or appreciation of 
engineering principles among designers, 
superintendents and 


workmen. Most of the engineering 


machine shop 


principles involved in precautions 
against fatigue failures were already on 
the record but were so widely scattered 


that the National Research Council, at 
the investigation of the Bureau of Aero- 
nautics, arranged a conference of lead- 
ing authorities on the subject and com- 
missioned Battelle Memorial Institute 
to prepare this compilation. 

This book is without doubt the most 
complete and authoritative up-to-date 
work on the subject of fatigue failures. 
After covering the general nature of 


failures, the book 
stress concentration caused by fillets, 


fatigue discusses 


keyways, oil holes, corrosion, tool marks, 
work-hardened surfaces, notches, inter- 
nal stresses, Stress reversals, peak 
stresses and their effects are fully ex- 
plained. 

Many chapters in the Appendix pre 
sent experimental test data showing, as 
exactly as have so far been determined, 
the factors influencing fatigue stresses. 
Che book uses many illustrations of fail 
ures as examples. A 23page bibli- 


ography completes the compilation. 


Practical Solution Of 
Torsional Vibration Problems 


W. Ker WILSON 
Vol. К 731 pages, 
clothboard covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Arve.. 
Vew York, N. Y. Price $8. 


Second Edition, 


In addition to the inclusion of new 
practical design data and a more com- 
prehensive treatment of vibration prob- 
lems peculiar to high-speed engines. 
the text and illustrations in this second 
edition bring up-to-date the subject 
matter of the first. edition, thus pre 
senting a modern text covering prob 
lems encountered in the marine, elec- 


390 


1009 in. Blue 


trical, aeronautical and automotive 


fields of design. 


\mong the important changes and 
revisions in Vol. I are a fuller treat- 
ment of new material on such subjects 
as flexible couplings, choice of crank 
sequence and firing order of single- and 
multi-row radial engines and V-type 
engines, and geared engines supported 
on flexible mountings. Also there is in- 
cluded a simple practical treatment of 
air-screw blade vibration and its influ- 
ence on the vibration characteristics of 
aircraft power plants. Vol. IL will be 


published shortly. 


Vetallurgy Of 
Deep Drawing and Pressing 
J. DUDLEY JEVONS 
in. Green clothboard covers Published 


by John Wiley & Sons, Inc., 440 Fourth 
Ive., New York, N. Y. Price $10. 


699 pages, 6x9? 


This book is a valuable source of in- 
formation for all designers who are in- 
timately associated with production 
procedure and the tools used in making 
deep drawn sheet metal products. 

After describing in detail the tech- 
nology employed in Great Britain to 
produce brass and steel sheet, the au- 
thor discusses the difficulties experi- 
enced in the press shop which are 
attributable to defects in the sheet as 
supplied to the press, and also process- 
ing difficulties attributable to the treat- 
ment accorded the metal under the 
press. The techniques of deep drawing 
aluminum and its alloys, magnesium 
alloys, copper. nickel and nickel alloys. 
zinc, stainless and alloy steels are 
appropriately covered in a separate 
chapter. There are also chapters on 


presses, tools, lubricants, testing of 
sheet metal, behavior properties, specifi- 


cations and new applications. 


Engineers Manual 
Of Statistical Methods 


LESLIE E. 
in. Green buckram covers. Published 
by John Wiley & Sons, Inc., 440 Fourth 
fve., New York, N. Y. Price $2.75. 


Simon—231 pages, 6°4x10 


Statistics is one of a number of con- 
venient tools for accomplishing a pro- 
fessional end. To the design engineer., 
this end is the establishment of design 
specifications which can be maintained 


in the shop. To achieve this end he 





must understand statistical methods o 


inspection and production control. 
There have been books published be 


fore on the subject, but Mr. Simor 


thought most of these books were toi 
heavy for the average practical mai 
whose interest is centered in his indus 
trial or engineering work. Hence thi 
book, which summarizes the probability 
statistics and logic entering into inspe 
tion and process control methods as 
briefly as is compatible with clarity. 
The principles set forth by Mr. Simo: 
are predicated on research conducted 
at the Ballistics Research Laboratory 
and on experience gained in production 
for the Government in U. S. Arsenals 


Tables of Sine, Cosine 
And Exponential Integrals 


Vol. I, 470 pages, 8x11 in. Vol. Il, 
200 pages, 8loxll in. Tan buckram 


covers, Published by Vational Bureau 


of Standards, U. S. Dept. of Commerce, 
Washington, D.C. Price $2 per volume. 


The integral functions tabulated in 
these volumes are encountered in many 
fields of pure and applied mathematics. 
including problems in electrical engi- 
neering, chemistry and physics. Supple- 
menting the tables are many references 
showing the variety of applications oí 
these functions. 

These tables represent another step 
in the work being done by the Works 
Progress Administration for New York 
in preparing mathematical tables. 


Open Hearth Alloy Steels 
ind Electric Furnace Steels 


Steel Products Manual, Sec. 10. 39 pages. 
6 x 9 in. Published by American Iron and 
Steel Institute, 350 Fifth Ave., New York, 
V. Y. Price 25 cents. 


This new section of the Steel Products 
Manual gives general description and tech 
nical data covering basic open hearth alloy 
steels and electric furnace steels in blooms, 
billets, slabs, bars and hot-rolled strip. 
Standard chemical compositions, methods 
for testing and manufacturing practices 


are well covered. 


Drafting Standards Accepted and 


Proposed 


0 pages, 8h \ 11 їп. 
M. Higgins & Co., Inc., 271 Ninth St., 
Brooklyn, N. Y. Price in quantities 25 


cents: single copies to engineers free. 


This new brochure holds between its 
covers the complete drafting standards of 
the American Society of Mechanical En- 
gineers and the American Welding So- 
ciety, as well as one page of proposed 
standards not yet accepted by the Ameri 
can Standards Association and not to be 
found elsewhere in printed form. 
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UNFIRED PRESSURE VESSELS 
Shell and Dished Head Thickness Charts 


EDWARD L. MAGUIRE 


SHELL THICKNESS—EXTERNAL PRESSURE 





18 72 66 60 54 48 42 36 
Length of Straight Shell,In 





Directions For Use: 
16 ба 
(2 Ы Са Е 4 tween supports or reinforcing rings of jacketed 
10 ба tanks, or length of shell between tangents of 
8 Ga the head radius on vessels subject to full 
0.203 vacuum ! and proceed vertically on chart above 
0234 [1-1—— | to curve of correct tank diameter. 
0.250 


l. Select length of straight shell (distance be- 





2. Project to left to vertical line of external 
0281 7: FI | pressure to which the vessel is subjected. (Ex- 
0.312 | [ [ | ternal pressure for vacuum tanks is difference 
0345 [7] wm between outside and inside pressures.) 


0375 | | | | , À | 
0575 $. Follow nearest curve of t D ratio down until 
0406 


it intersects curve of tank. diameter on chart 
= at left. 
468 
0.500 


0.540}, 
0.562 | | EXAMPLE: 


t. Read required steel thickness or gage on the 
scale at left. 


\ tank 54 in. in dia. and 96 in. long has a steam 
0625 | jacket around it operating at 100 Ib. per sq.in. 
The length of this jacket is 83 in. Find the 
required shell thickness. 


Thickness Required, Inches 


Starting with the length of straight shell of 83 
in. on the chart above, follow arrows and dotted 
line to solution of 0.54 in. thick. 


(Chart based on A.S.M.E. Code Par. U-122) 
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Unfired Pressure Vessels (continued) 


SHELL THICKNESS—INTERNAL PRESSURE 


Directions for Use 


Connect scale A to scale B with straight line 
and read thickness of metal required from 
correct side of scale C 


For 55,000 lb. per sq.in. For 75,000 lb. per sa.in. 
Ultimate strength Ultimate strength 
Carbon steel Stoinless steel 

Read this side Read this side 


in Inches 


L 
u 
+ 
u 
Ё 
б 
a 
Ф 
= 
v 
= 


ll ga. is minimum 


for A.S.M.E.code 


Working Pressure, Lb. per Sq. In. 





Cm 


= 


А 


- 


Limits and Notes 
1 700 deg.F maximum temperature 


2 80 percent welded joint efficiency 
For any other efficiency e, multiply 
Shell t ickness # x989 


OW lo la m= 


C 


3 For other materials multiply Č of 4 For stainless 20 percent clad at 
stainless steel by following factors: pressures up to 100 lb. per sq.in., 

use t of carbon steel. For an 

Inconel 0.94 other condition multiply € o 

Monel 1.15 stainless by 1.70 

Nickel 1.25 B 

Everodur 1.50 


Aluminum 6.25 


i i ی ت‎ enema e a a 
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Unfired Pressure Vessels (continued) 











Rollings 
: ds 14 Ga: 
t For pressure on | 13 For pressure on 
, convex Surface concave surface 
E read this side | !? read this side 
Ф of scole C of scale C 
= Ц - 14 ба. 
4- 10 
О 9 13 
Ü p 3"8 12 [ 
0 6 0203"—] || 
E 0254 10 
б Я 9 
= 4 0.265 
= 0281 8 з” 
Kl К „ \6 
203 
3"0.543 218 
| 8 0406 .234 a” 
| 0437 .265 4 
| 1" 0468 281 
2 0.312 
gn 0962 0.343 3» 
8 0.687 0406 
i 0437 |, 
70-812 0.468 5 
50937 -1—-052 ¢, 
0687 5, 
4 
0812 7" 
0937 
Limits and Notes Є 


1 


2 
5 
4 
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DISHED HEAD THICKNESS 


Directions for Use 


Connect scale A, to By for 55,000 Ib. per sq.in 
ultimate strength steel and read required 
thickness on scale C 


Connect scale Ag to Bg for 75,000 Ib per sq.in. 
ultimate strength or similar alloy and read 
on scale C 


Required Thickness 
in Standard Gage 





Factor of safety of 5 

650 deg. F. maximum working temperature 

Radius of dish equal to tank diameter 

Seamless head of either 55,000 or 75,000 Ib. per sq.in. 
minimum ultimate strength 


Foro two or more piece head multiply by 1.25 


ODER T : 
g in.is minimum thickness for code vessels 


This chart is based on A.S.M.E. Code Por. U-36 


— 40 
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ALUMINUM UNFIRED PRESSURE VESSELS 


Maximum Allowable Working Stresses 






























































































Internal Pressure Less Than Atmospheric; Safety Factor=4 
9 ec. B/26-40T 
Ф +++ ec. S-39 
+ | T. | 
> 4,000 | 1 | | 
£ | L | - ы 
= 
E. | | 
SE 3500 —r-7r-T--T--F- MC 
od | + —} ل‎ 
5$ ә  —— 
ET 5000 | 1 | | | 
zo T + + 4— — JL | 
< | | 
: 2,500 - t 4 LL - - | г 
- — —u ——— —— 4—— 1 t —— 
E 200 Annealed ———— | | 
: p Tz H andl as rolled | 
2 —— — == 
| 1,500 
-100 0 100 200 300 
Metal Temperature, Deg. F. 





Internal Pressure Greater Than Atmospheric; Safety Factor=5 






































3 Lo .SIM. Spec! B126-40T 
Ф Alcoa alloy 3S М ес. 5-39 | 
3500 wail — — — pec. 29... 
o 
„£ 
х 
bc 3,000 
| 35 
| y^ 
a 2,500 
52 
95 | 
а 2000 sirena pee I—31——— Pe — 
- | | | | | : -—— — 
E | | | | 
Е 1500 | | | 
х 
5 
2 | | 
1,000 
-100 0 100 200 300 400 500 
Metal Temperature, Deg. F 
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Prepared Each Month by the Bridgeport Brass Co. es 


Copper Sheet is Good 
Base for Silver Plate 





Copper sheet is used as a base for the 
production of silver plated articles because 
it is easily and economically stamped into 
desired shapes, and because it is particularly 
well adapted to electroplating and finishing. 
Bridgeport copper sheet with its uniform 
high quality, made possible by the company’s 
new and up-to-the-minute equipment, is 
considered excellent for this purpose. It is 
helping manufacturers of silver plate achieve 
highly satisfactory results at economical cost. 


Easy and accurate stamping of copper sheet sup- 
plied by Bridgeport is made possible by Bridgeport's 
carefully controlled manufacture. 





Three-Step Procedure 
For Cleaning Alloys 





A new method of cleaning brass, bronze 
and copper preparatory to plating gives a 
sequence of operations said to produce econ- 
omies, superior plating color and better plate 
adhesion. 

The process comprises three steps: (1) Ef- 
fective pre-cleaning of the work with either 
an alkaline compound or an emulsifying sol- 
vent, depending on the condition and shape 
of the pieces; (2) Anodic cleaning with an 
alkaline electro-cleaner prepared for this par- 
ticular purpose; and (3) A sulphuric acid dip. 
The work is rinsed, of course, following each 
operation. 

Incomplete removal of oils, greases and dirt 
has always been considered a cause of poor 
electrodeposits. The new process is said to 
be capable of eliminating all types of oil and 
dirt. Moreover, it is reported to do away 
with the smutty deposits and soap films that 
contribute to poor adhesion of the electro- 
Ceposit. A further advantage is the slight 

‘`h it provides on alloys, which also makes 
better adhesion of the electrodeposit. 











Headquarters for BRASS, BRONZE and COPPER 
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Progress is Made in Substituting 
Copper for Brass in Varied Uses 





Factors to be Considered Include Oxygen Content of Copper 
Used, Comparative Machinability, and Need for Retooling 





In considering the possible substitution 
of copper for high brass, there are different 
types of copper which will provide slightly 
different specific properties that may be of 
advantage. The properties of these various 
types of copper were discussed in the “Types 
of Copper” column in the COPPER ALLOY 
BuLLETIN from May to July, 1939. 

One of the differences not previously men- 
tioned in the present series of articles is the 
effect of oxygen content on the machinabil- 
ity of copper. While high brass is not com- 
monly expected to be readily machined, it 
can be done fairly well when in the cold 
worked condition. None of the various types 
of copper, however, is as readily machinable 
as cold worked high brass. Annealed copper 
is particularly tough and machining speeds 
must be greatly reduced in order to cut it 
at all. Copper containing particles of cuprous 
oxide such as regular electrolytic tough pitch 
copper is somewhat superior to deoxidized 
copper in this respect. This is due to the 
presence of the copper oxide particles which 
tend to break up the otherwise long stringy 
chips. The cutting tool edge must have con 
siderable rake and clearance. This type of 
cutting edge tends to produce long chips 
and therefore drilling and tapping opera- 
tions are particularly difficult. Copper which 
must be machined should be in the cold 
worked condition and of the tough pitch type, 
but even under the best conditions, it is not 
an easy operation compared to high brass. 


Tubing and Stampings 


During the past few months some progress 
has been made in the substitution of copper 
for brass. In most cases these are the simple 
types of fabrications, but a few have re- 
quired some care and planning in order to 
get satisfactory products of copper. The use 
of copper tubing in the plumbing industry 
has been quite extensive. High brass pipe 
has been replaced quite generally by red 
brass and copper pipe. The thin wall tubes 


PROPERTY 
Specific Gravity, 20°C 
Density, lbs 
Linear Coefficient of Expansion ( 


cu. 1n. 


25°С 


Electrical Resistivity, 20°C 
Electrical Conductivity, 20°C 
Thermal Conductivity, 20°C. 
Specific Heat 

Modulus of Elasticity, cold worked 





16.8 x 10-6/°C 
1.682 microhms /cm? 


0.923 cal/cm? 
0.0918 cal/gr/°C 
16,000,000 Ibs./sq. in. 


used in exposed plumbing fixtures, which are 
normally chromium plated, have been re- 
placed by deoxidized copper. In both these 
cases deoxidized copper has been used be- 
cause its ductility is sufficiently greater than 
tough pitch copper to permit severe bend- 
ing operations. 

There has also been some copper used for 
name plate work and flat stampings of that 
general type. Consideration is also being 
given to the use of copper in small pressure 
vessels which can be made from cold worked 
material and soft soldered without softening 
of the vessels themselves. There also seems 
to be a field for copper in flashlight parts 
and bodies, for these parts have been made 
of copper in the past and it seems probable 
that most of them could be made of copper 
without the use of special tools and extra 
operations. Some electrical 
hardware normally made of brass would seem 


parts used in 


to be suitable for a change over to copper. 
Desirability of Retooling 


When this series of articles was started, 
the scarcity of zinc for use in non-defense 
applications was the primary consideration. 
As the defense program has developed, the 
need for copper for defense purposes has 
reached the point where the desirability of 
such substitution needs consideration from 
a somewhat different viewpoint. When the 
use of copper requires extensive tool changes 
as it does in some cases, it is questionable 
whether the machine tooling required for 
such changes is justifiable. From the produc 
tion standpoint it seems possible that the 
substitution of copper may be desirable only 
because it saves a remelting operation which 
might be better used for essential defense 
work than for other purposes. It is well to 
bear these considerations in mind, therefore, 
when planning changes from alloys to pure 
copper. The accompanying table lists some 
of the physical properties of high brass and 
commercial copper. 


COPPER 
8.94 
0.323 


HIGH BRASS 
8.47 
0.306 
19.0 x 10-6/°C 
6.68 microhms /cm? 
25.85% 
0.286 cal/cm2/cm/sec/°C 
0.0909 cal/gr/°C 
14,500,000 Ibs./sq. in. 


100; 
cm/sec/ ^C 





















ALLOYS OF COPPER 


This is the twenty-fifth of a series of 
articles on the properties and uses of 
copper alloys, and continues the subject 
of modifications of the copper-zinc alloys. 





ADDITIONS OF LEAD 
TO COPPER-ZINC ALLOYS 


Because of purely manufacturing consid- 
erations, the addition of lead to copper-zinc 
alloys (to improve machinability) is usually 
confined to the range from 55 to 63 % copper. 
Occasionally, however, lead has been added 
to pure copper and other alloys from 90-10 
copper-zinc on down to 55% copper. 

The addition of lead reduces the ductility 
of the copper alloys in both hot and cold 
working operations. Those alloys which are 
normally the most difficult to hot work are 
the alloys most seriously affected by the 
presence of lead. Hence the alloys with 
copper contents above about 63% and con- 
taining additions of lead have been proc- 
essed almost entirely by cold working. Such 
alloys, besides being difficult to hot work, 
are also sensitive to processing variables in 
cold working. Thus the use of some other- 
wise very desirable alloys has been restricted 
by the excessive cost of manufacture. 

Those alloys containing less than 63% 
copper are two-phase alloys above about 
700° C. This second phase, beta, is much 
more ductile in that range of temperatures 
and the lead does not seem to reduce its duc- 
tility to the extent that it does the alpha 
phase. For this reason, alloys around 60% 
copper can be produced readily by hot work- 
ing even when containing appreciable quan- 
tities— 2 or 3% for instance—of lead. 


The accompanying table lists the com 


mercial leaded alloys normally available: 





COMMERCIAL 


ALLOY 


B- 41T 


B- 41T 
B135-40T 








Leaded Commercial Bronze 






Hardware Bronze 
Leaded High Brass 
Leaded Brass Tubes 








B135-40T 






Clock Brass 


Leaded Naval Brass 


B121 
B21 














Forging Rod 
Leaded Cold Heading Rod 
Screw Machine Rod 
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SHEETS, ROLLS, STRIPS — 
Brass, bronze, copper, Duronze,* 
for stamping, deep arawing, forming 
and spinning. 


CONDENSER, HEAT EX- 
CHANGER, SUGAR TUBES— 


For steam surface condensers, heat ex 
changers, oil refineries, and process 
industries. 


*Trade-name. 


LEADED COPPER-ZINC ALLOYS 


ASTM ALLOY NO. COPPER ZINC LEAD 









39T 
40T 





B124-39T 


PHONO-ELECTRIC* ALLOYS— 
High-strength bronze trolley, messen 
ger wire and cable 


WELDING ROD — For repairing 
cast iron and steel, fabricat- А, 
ing silicon bronze tanks. 


LEDRITE* ROD — For 
making automatic screw ma- 
chine products. 
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Special File For Brass 





Filing brass is quite different from filing 
other metals, says a leading file maker. 
While brass is generally softer than ferrous 
metals, it is malleable, ductile and tough. 
Thus, a regular or general purpose file will 
cut brass rapidly enough for a few strokes. 
Then the teeth tend to clog rapidly and 
consequently slip over the metal surface, 
without removing much stock. 


A special brass file that will correct this, 
the file manufacturer claims, has a combina- 
tion of tooth angles and number of tooth 
points per inch to give excellent results. It 
possesses a long overcut angle and a short 
upcut angle. The short upcut angle keeps 
the file on the work, while the long over- 
cut angle, producing many fine scallops on 
the short upcut, breaks up the filings. This 
permits the file to clear itself of chips. In 
other words, this prevents the file from tak- 
ing too much of a bite and eliminates clog- 
ging and chattering. It is also said to leave 
a good finish. 





Filing of brass involves a special technique. Inset 
shows tooth design of brass file. 





B 
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3 66.0 








+ 66 












5 63.0 35.0 2.0 





B 60.5 39.0 0.5 


2 60.0 38.0 2.0 





63.0 35.4 1.6 








61.5 






PRODUCTS OF THE BRIDGEPORT BRASS COMPANY 


BRIDGEPORT, CONN.—Branch Offices and Warehouses in Principal Cities 


COPPER WATER TUBE —For 
underground WIRE- 





plumbing, heating, 
piping. 


—" 


Established 1865 

























DURONZE ALLOYS — High. 

strength silicon bronzes for cor- 
BRASS rosion - resistant connectors, 
marine hardware; hot rolled 
sheets for tanks, boilers, 
heaters, flues, ducts, flashings. 





NEW DEVELOPMENTS 





Electroplating brushes which are said to | 
practically unaffected by normal plating solu 
tions are now available. They do not deterio: 
ate rapidly, as do hog bristles. They are called 
soft enough for use even with such deposit 


as silver. (No. 210) 
A welder’s glass for use in helmets is re 
ported to cut off most of the infra-red rays and 
all of the ultra-violet rays, thus preventing dis 
tress and injury to the eyes. Moreover it make 
possible better observation and more accurate 
control of the flow of metal, itis said. (No. 211) 


A sheet metal gage measures the thicknes 
of brass, copper and other non-ferrous metal 
from one side only, without contacting revers: 
side. It is recommended for use with copper 
tanks, brass pipe and many other applications 

(No. 212) 


А sander- polishing machine, though small 
and portable, is designed to give heavy-duty, 
continuous service. This bench-type belt sander 
polisher is said to be well adapted to use on 
edges, irregular work, curves, flat pieces, small 
members and small radii. (No. 213) 


Anair-line dehydrator utilizes easily-renewed 
silica gel as moisture-removing agent. Fresh 
supply is quickly screwed in. The shell is made 
of brass with brazed joints, and the outlet 
screen is 200-mesh brass. (No. 214) 


A tool grinding fixture holds cutters for 
sharpening on drilling machines. Fixture i 
readily tightened on drill table and will hold 
straight or taper shank tools up to 1-їп. їп 
diameter, including end-milling cutters, coun 
terbores, and facing cutters, it is said. Cup 
grinding wheel rides in drill spindle chuck. 


(No. 215) 


Marking tool with solid die is said to auto 
matically make clean-cut identifying marks in 
high production on parts such as shells and 
other ordnance and non-ordnance parts. Used 
on automatic screw machines or lathes. (No. 216) 


A hexagon bed turret, designed to step up 
bench and engine lathe production to a rate 
comparable with that of hand screw machines, 
is announced. It is said to have many new 
automatic features and is designed to fit many 
makes and sizes of lathes. (No. 217) 





A soft rubber polishing wheel has an im 
proved composition which rapidly produces 
highly polished surfaces on any base metal, it 
is reported. It is said to greatly reduce polish 
ing time because of the 5 different types of 
polishing compounds impregnated in the binder 
It can readily be dressed for contours. It also 
eliminates scratches and blemishes, it is claimed 


(No. 218) 


This column lists items manufactured 
or developed by many different sources 
Further information on any of them may 
be obtained by writing Bridgeport Brass 
Company, which will gladly refer readers 
to the manufacturer or other source 









BRASS, BRONZE, DURONZE 
For cap and machine screws, 
wood screws, rivets, bolts, nuts. 


FABRICATING SERVICE DEPT. 


—Engineering staff, special equipment 
for making parts or complete items. 


BRASS AND COPPER PIPE- 
'"Plumrite' * for plumbing, under- 
ground and industrial services. 






BRIDGEPORT BRASS 
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Packard engineers have just completed the 
remendous task of adapting the Rolls-Royce 


















Merlin XXVIII engine to mass production by U. S. Armaments Superior................ 396 
\merican methods. In less than a year they G. F. Nordenholt—How the Ordnance Department and Industry are 
have set up an entirely new engineering divi- working hand in hand in the development of designs of armaments. 


sion, intensively studied 2,500 drawings and 
parts and made comprehensive plans for tools 


KE MEN. 4] das de EROR E, 


and methods, so that by December production и . › кесш i ' 
Pictorial presentations of salient design features in a representative 


will reach 40 a day. The story of this accom- 


plishment will be told in September P.E group of current-model products and machines. 
их ‚ > Je ر‎ ? Ke 
Porcelain enamelling is finding many new 


E "e if uo: ‘ove ; € 
кийн te circumvent the dhevtente. m Centrifugal Governors ................... 409 


stainless steel and aluminum. In a comprehen- \. Н. Church—Analysis of the properties of centrifugal governors 
sive article P.E. will give the how and whv of with design formulas and graphical methods for calculations. 


designing parts to be porcelain enamelled. 


Factors to be considered when electric wiring Bearings in Die Castings.................. 414 
is required on a machine—type of wire, size of Ten sketches show typical methods for mounting bearings and 
conductor, kinds of conduit and fittings and the bushings in die castings. 


like—will be covered in a data-packed article. 


The copper alloys series based on Revere Materials and Coatings................... 416 


Copper and Brass research, supplemented by 4. W. Rogers— Practical data pointing out precautions in selection 


data sheets on properties, will be continued. to avoid service troubles. 
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Werner F. Vogel—Characteristics of crank-connecting rod motions 
show the effect of variation in connecting rod ratio. 
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P. N. Oberholtzer—Selection of control valves for the operation of 
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P. E. Rudbeck— Progressive steps in the design of a swing cam foi 
a vertical shaving machine. 


Design of Swing Cams... 
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"Personally, no issue of PRODUCT ENGINEERING is eye 
looked thru and read only once. Every chance I liave, 
page thru it, always scanning the advertisements ‹ efully 
always looking for prospective ideas, either in new m ‚ 
methods, or machines." 
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E. M. Orbeck, Chief Enginee 
John Wood Mfg. Co., Inc 










“We frequently consult the advertising section, and find it very 
useful, In addition, articles in this magazine are of great bene- 


fit to us, and we receive considerable valuable information from 
same.” 








T. M. Thomas, Chief Engineer 
Killefer Mfg. Corp. 







"PRODUCT ENGINEERING is one of the fe 
publications which I know of in which the adv 
tising is as interesting as the subject matter. 

| 


consider the magazine from cover to cover to | 



















an essential publication in the engineering offi 
of any manufacturing plant.” 
Arthur Nutting, Chief Engineer 
American Air Filter Company, li 


"To insure that I get full value from each issue of 
PRODUCT ENGINEERING, it is being sent to my 
home address, and upon its arrival I spend several nights 
going over it from cover to cover, noting not only the 
editorials and articles but making a definite point of 
reviewing all advertising for new ideas.” 

K. R. Weise, Chief Engineer 
Cleveland Tramrail Div. 
Cleveland Crane & Eng. Co. 








“PRODUCT ENGINEERING, with 
\ its clear, informative articles and adve 











ing, helps us to pass on to our custom 
the benefits of new advances in prod 
and processes.” 

Joseph Dauber, Chief Engi 


The Gaertner Scientific Commi ss 
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em a tip from these bits of metal — the handle sup- 
port for a top-of-the-stove glass saucepan. The idea 
was the customer's — Scovill’s job was to fabricate the 
saucepan band and the handle support, both from stain- 
less steel. 
Working with the customer, Scovill was able to suggest 
several refinements in construction which did not change 


the basic idea but did improve the finished job. 


A small thing in itself. Yet, 
such metal parts which Scovill has helped to engineer 


like many thousands of 


and produce, it illustrates the adaptability of Scovill’s 
service to industry. 


A service dependent on no fixed market — since its 
market exists wherever metal parts are used. A service 
significant for the future — since the future will also have 


SEEING THE FUTURE 
THROUGH A SAUCEPAN 





its problems in metal. A contract-manufacturing service 
summed up in the equation that is Scovill: 


BRAINS + METALS + MACHINES = IDEAS IN METAL 


engineered and produced in economical mass production 


With an eye to the future, familiarize yourself now with 
Scovill’s facilities by sending for” Masters of Metal.” a free 
booklet available on request. Address 35 Mill Street. 

Scovill, for many years a regular source of supply for 
the United States Government, is cooperating in every way 

» forward defense plans. When deliveries are not as 
prompt as our customers desire, we hope they will realize 


that delays are sometimes unaveidable and part of the 
price paid for national defense. 


Brass, Bronze and Nickel Silver, Mill Products — Condenser Tubes and Pipe. Metal parts and 


products made to order in quantity from Brass, Steel, Aluminum and other base metals. 


SCOVILL MASTERS METALS... 
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IN CANADA: 334 King Street, East, 
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.8.A. Approves and Publishes 


\ j 
N.M.T.B.A. Lathe Standards 


The American Standards Association 
recently announced publication of a 
new standard for Accuracy of Engine 
Lathes, providing a series of 25 tests to 
he applied in checking the lathes. These 
include tests for bed level, tailstock wav 
alignment. spindle center runout, cam 
ction, lead screw alignment. and turn- 
ng work when mounted in chuck or be- 
tween centers. This standard was devel- 
oped by the Engine Lathe Group of the 
National Machine Tool Builders’ Asso- 
ciation and has already proved its value 
in practice in machine tool purchases 


made by the government. 


Westinghouse Tells A.LE.E. of 


Giant Transformer of Hypersil 


A 40.000-kva. forced-air and forced- 
oil-cooled power transformer with 10 
percent lighter windings and 25 percent 
lighter core. was described before the 
VILE. E, summer convention at Toronto. 


Canada, by H. V. Putman, Westinghouse 


Transformer Division, and Philip Sporn, 
American Gas and Electric Service Cor- 
poration. 

Utilizing the new magnetic steel 
known as Hipersil, weight and dimen- 
sions of the 138-kv. unit have been re- 
duced so that it can be shipped in oil, 
completely assembled with bushings in 
place. on a standard railroad flat car. 
The cover is welded in place and the 
unit is sealed. It has no provision for 
breathing. Using standard magnetic 
steel. transformers of this size must be 
shipped in nitrogen in special con- 


tainers, 


MacGregor’s “Tension Test” 


Awarded A.S.T.M. Dudley Medal 


For his paper presented at the 1940 
annual meeting of the American So- 
ciety for Testing Materials on the sub- 
ject "The Tension Test," C. W. Mac- 
Gregor, associate professor of applied 
mechanics, M.LT., was awarded the 
Charles B. Dudley Medal at the 1941 
annual meeting in Chicago. 

Mr. MacGregor's paper covered vari- 
ous definitions of strain and reduction of 
area and related these to true values of 
strain and reduction of area, deducing 
expressions which are compared with 
the accurate relations, A paper pre- 


sented at the 1941 meeting by Bruce 
Johnston and Francis Opila on “Com- 
pression and Tension Tests of Structural 
Mloys" gave considerable data on "true 
ductility indices" which were proposed 
in Mr. MacGregor's paper last year. 


Steel Socket-W elding Fittings 
Proposed Standards Drafted 


\ draft of a proposed American 
Standard for Steel Socket-Welding Fit- 
tings, recently completed by a com- 
mittee of the A.S.A., covers over-all di- 
mensions, tolerances, and marking for 
wrought and cast carbon and alloy-steel 
welding fittings. It is now being distrib- 
uted to industry for criticism and com- 
ment. Copies are available on applica- 
tion from the American Society of Me- 
chanical Engineers, 29 West 39th Street, 


New York, N. X. 





Meetings 


Society of Automotive Engineers— 
National Tractor Meeting, Schroeder 
Hotel, Milwaukee, Wis., Sept. 
25-26. John A. C. Warner, secre- 
tary, 29 W. 39th St, New York, 
N. X. 


Chicago Exposition of Power & 
Mechanical Engineering — Interna- 
tional Amphitheatre, Chicago, IIL, 
Oct. 6-11. Charles F. Roth, mana- 
ger, Grand Central Palace, New 


York, N. | 


{merican Society of Mechanical 
Engineers—Fall Meeting, Louisville, 
Ky., Oct. 12-15. C. E. Davies, sec- 
retary, 29 W. 39th St, New York, 
PM X 


American Society for Metals—An- 
nual Meeting, Benjamin Franklin 
Hotel, Philadelphia, Pa., Oct. 20-24. 
W. H. Eisenman, secretary, 7301 
Euclid Ave., Cleveland, Ohio. 


American Welding Society—An- 
nual Meeting, Philadelphia, Pa., 
Oct. 19-24. Miss M. M. Kelly, sec- 
retary, 33 W. 39th St., New York, 
Ms Ж. 

Steel Founders’ Society — Fall | 
meeting, Hot Springs, Va., Oct. | 
13-14. Raymond L. Collier, secre- 
tary, 920 Midland Bldg., Cleveland, 
Ohio. | 


National Metal Congress 
To Go All Out for Defense 


With its service to the industry en 
phasized by the national defense pri 
gram, the National Metal Congress an 
Exposition, to be held in Philadelphi 
during the week of October 20, will be 
more pretentious this year than ever b. 
fore, advance sales of exhibit space ind 
cate. Each morning during the session 
one of the government's leading exec) 
tives will address the Metal Congre: 
on defense progress and requirement 
in Army, Navy, aircraft and civilia 
production. Round-table discussions o: 
armament production will be headed b 
armament experts. 


S.P.I. Urges Voluntary 
Limitation of Inventories 


Officials of OPM have suggested that 
trade association executives may be 
helpful in urging limitation of invento 
ries to actual production requirements 
to defer the need for allocation of ma 
terials—a step which will be hastened 
in the event of a continued trend of 
extra buying. The Society of the Plas 
tics Industry, feeling it likely that plas 
tics materials will continue to become 
scarcer, have relayed this request to the 
plastics industry. Formaldehyde, meth- 
anol and synthetic resin molding pow 
ders have recently been added to OPM’s 
critical list. The Society is working 
closely with OPM to determine the pro 
ductive capacity of the industry, the rate 
of its production, inventories to produc 
tion and other pertinent data. 


A.S.T.E. to Discuss 
Older Machine Tools 


To what extent older machine tools 
can be utilized to speed defense produc- 
tion is to be the major topic of discus- 
sion at the semi-annual meeting of the 
American Society of Tool Engineers, to 
be held in Toronto, Canada, October 
16-18. The meeting will seek to deter- 
mine in a general way whether machine 
tools are or are not a “bottleneck” in 
defense work. Technical sessions will 
be devoted to a general consideration 
of machine tools for defense work. A 
feature of the three-day session will be 
extensive daily plant tours through 
major defense industrial concerns in the 
Toronto area. 
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GEORGE F. NORDENHOLT. Editor 


Play Hard To Win 


To THE TOTALITARIAN MINDED PERSON it seems incon- 
ceivable that the ruling powers of a nation can prosecute 
its industries and industrialists, pass legislation distasteful 
to them, commit acts against them that they consider 
unjust, and then have those same industries and indus- 
trialists voluntarily, individually and collectively, give 
their unstinted support to the defense program of that 
country. To the German mind, that is impossible. But it 
is explainable. 

The Americans are the world’s greatest sport-loving 
people. In every sport there are rules. And thus the 
\merican people have learned to play by the rules of the 
game. If the team gets a bad break, they make the best 
of it. They take every possible advantage of the breaks, 
but play hard and always play to win. That is an American 
creed, learned in playing in the vacant lots of the tenement 
house districts, in athletics in the public schools, in com- 
peting for and on the college teams, or in playing on the 
big league teams. 

In the atmosphere of our great industrial organizations 
there are also rules of the game and the same spirit 
prevails. Our American industries were not created out 
of government subsidies. The railroads. steel companies. 
automobile industries, aviation and all our other major 
industries were reared through sweat and hardships. And 
in all cases there were rules of the game. If fate was 
unkind, if the going was hard, if legislation hampered. 
more determination and more sweat was put into the job. 
When industry was called upon in the defense program. 
industry had only one answer—‘“Let’s go.” It undoubtedly 
never occurred to any worthy industrialist to hold out 
for more lenient legislation relating to business. Such 
an attitude would have been inconceivable; the rules of 
the game in a democracy do not permit it. No sane man 
would have tried it; public opinion would have denounced 
him thoroughly. 

Today the powers in Germany are undoubtedly contem- 
plating our defense program with scorn and derision. 
And well they may. Industry is asked to put on full steam 
and risk tremendous losses through possible over-expan- 
sion and at the same time is subjected to prosecution 
and caustic criticism by government officials. For example. 
in the forefront of this industrial expansion program is 


the Aluminum Company of America. Entirely at its own 


expense and risk this company expanded its production 
program several fold, anticipating the needs before the 
defense program got into full swing. And behold the 
spectacle. At the very time that the Aluminum Company 
of America is putting forth every effort, even to the extent 
of loaning its best technicians to competing companies, 
the very government it is trying to help is putting forth an 
increasing effort to convict it of misdeeds. 

Perhaps not satisfied with the zeal with which he is 
prosecuting the Aluminum Company of America, Thur- 
man Arnold, Assistant Attorney-General, presents an 
article in an internationally read magazine in which he 
makes stinging accusations. The implications in the article 
make it appear that Mr. Arnold is saving the world foı 
democracy by compelling industry to “toe the mark.” 
But to any informed engineer his errors and inaccuracies 
in engineering data presented in his article are glaring. 
They lead one to think that many of his other assertions 
are perhaps likewise misleading. 

What a spectacle. No wonder Hitlerdom does not 
believe the U.S.A. can “do the job.” No wonder that 
even some people of the U.S.A. are doubting the efheacy 
of the defense program. But the defense program is roll- 
ing. rolling at an ever-increasing speed that has now 
carried it beyond the objectives set originally. Why? 
How? Because Americans are the world's greatest sport- 
loving people. Petty politics and self-aggrandizement are 
brushed side and ignored when there is a real job to be 
done. 

The Nazi 


the U.S.A. we play by the rules of the game whatever 


mind is incapable of comprehending that in 


the rules may be and whether or not we think the umpire 
is fair. When the goal line is established, there can be 
only one objective—cross the goal line as soon as possible. 

The goal has been established. We are blessed with an 
\rmy and Navy better organized than ever and with our 
Industrial Organization, the world’s greatest, geared in 
with our War and Navy departments almost perfectly. 
These two alone are now shouldering the major burden. 
[t is time for all to get in the game and, regardless of the 
breaks, play hard and play to win. Discount 100 percent 
the tirades of the crepe hangers and the pettiness of 


politicians. Only by winning for the cause of democracy 


can we continue to be what we are—the land of the free. 











` J. ARMAMENTS SUPERIOIN 


GEORGE F. NORDENHOLT 


Chrysler from. O.E.M. 


(Left) K. T. Keller of Chrysler: (center) Major-General Charles M. W esson, 
Chief of Ordnance. Brig.-General G. M. Barnes (right) is Assistant Chief and is 
active head of the Committees on Development and Manufacture of Armament 





UANTITY and quality of arma- 
ments and the effectiveness 
with which they are used de- 

termine victory or defeat. Seven years 
of sacrificing “butter for guns” placed 
Germany far ahead of all other nations 
in these three essentials for winning 
battles and conquering peoples. \nd 
Hitler has made the most of it. Today 
the question upppermost in the minds of 
liberty loving people is whether or not 
the democracies that are still free can 
overtake and surpass the best efforts of 
Germany. The only hope for this lies 
in the possibility of the United States to 
do so with the aid of the British Empire. 
This may sound like putting it in re- 
verse, But a thoughtful consideration of 
the situation forces one to the conclu- 
sion that the United States must play 
the major role in furnishing the equip- 
ments for war if Hitler's aim to make 
the Nazis the “masters of the world," as 
he expressed it in the second from last 
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paragraph of his book “Mein Kampf,” 
is to be thwarted. 
When our 


started in June 1940, it was glaringly 


defense program was 
obvious that we had no substantial 
quantity of modern fighting equipment. 
Worse still, we did not have finished de- 
signs ready for mass production. The 
fighting planes we sent to England had 
to be partially rebuilt because they 
lacked protective armor and needed 
more guns. We had no up-to-date de- 


signs of tanks comparable with the 


Germans. Even today. the design of 
the heavy tank is not complete. 

\ year ago many people freely pre- 
dicted that we would go through the ex- 


periences of World War-I all over again. 


They recalled the chaotic conditions of 
that period, how the lack of standard- 
ized specifications, the 


maze of red tape made a shambles of 
all attempts to get the ordnance equip- 





innumerable 
errors in ordnance drawings and the 


ment manufacturers into mass produc- 
tion. Those were the days when it was 
necessary to write a letter to Washing 
ton to get authorization to correct an 
obvious technical error. There was such 
an abundance of such errors and other 
technical questions that the letters to 
Washington swamped the desks of the 
officers. Many of the letters went un- 
answered for months while the ma- 
chinery of production stood all but still 
When the war ended, which was almosi 


lot 


three years after our preparations 
war had begun, only an insignificant 
amount of some of the most important! 
ordnance equipments for the U. S. Army 
was in France. 

Hearing these stories, the man on th« 
street wondered ; many are still wonder. 
ing. What had been done since 1920 so 
that the sad experiences of World War-l 
would not be repeated? In addition to 
the stories that went the rounds con 
cerning that period, the general im- 
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pression has been that our Army and 


Navy has been asleep for the past 20 
years, Well may the U.S. citizen think 
so because he did the best he could to 
make it so. 

From the close of the World War to 
1937. military activity in the U.S.A. was 
extremely unpopular, so unpopular that 
Congressmen would probably have been 
afraid to have passed reasonable Army 
and Navy appropriations. So clearly 
was this recognized that the appropria 
tion asked for by the War Department’s 
Budget 


onlv a skimpy $12.000.000 average pet 


Bureau permitted allocating 
vear for the total to be spent on the six 


Aberdeen 


plus expenditure for research and de 


arsenals, Proving Ground. 
velopment work and the purchase of 
smal] quantities of material. 

lhe paltry $12,000,000 per year was 
spent as carefully and effectively as pos- 
sible. And the Army officers then turned 
to industry for help. But because of the 


\ugust, 194] 


Railway-mounted gun in action. 
field, hence the importance of the 


ott repeated cries of “war mongering 
industrialists had to be extremely саг 
ful in giving free aid to the Army. In 
one instance, early in the twenties ar 
rangements were made whereby Bethle 
hem Steel was to make metallurgical 
researches and sample shells, free of all 
costs or obligations. The shells were to 
be furnished to the Army for making 
ballistic and fragmentation tests at the 
proving grounds, All the facts, data and 
research records on this project were to 
Bethlehem Steel 


Company to the Ordnance Department 


he given freely bw 
The purpose of the project was to de- 
velop a superior shell steel. But then 
came the Nye investigation and for fear 
of being misunderstood and labelled as 
a “war monger” Bethlehem Steel buried 
the project. 

However. gradually there developed 





ieee 





Ordnance design covers almost every conceivable 
Ordnance-Industry collaboration as now established 


direct voluntary cooperation between the 
military and naval leaders and indus 
tries. The first program of this nature 
was the Federal Specifications Bureau 
It is safe to say that without the active 
voluntary participation of industries 
particularly through the medium of th 
national engineering societies, this 
whole project would have failed. In 
deed, Congress apparently took little oi 
no interest in it, perhaps because the 
project was instigated by the Army and 
Navy and hence had a militaristic flavor 
In any event, in many instances no funds 
were available to pay the expenses ol 
Army and Navy officers and civilian 
engineers of the Army and Navy to 
attend committee meetings outside of 
Washington. 

According to a member of one of the 


A.S.T.M. committees, a metallurgical 
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Medium tank being made by six manufacturers. In fourteen months the 
perfected, plants built and tooled and the tanks delivered in quantity 
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design was 





Chrysler from O.8.M 


irmy-Industry method of cooperation, engineers of industry perfect design 
details. Here Chrysler engineers study the castings for the 28-ton tank 


engineer employed in industr». “For 
years we held our B-5 Committe meet. 
ings in Washington because th. Army 


and Navy boys couldn't get ti lling 
expense allowances.” Directly or jp. 
directly, industry paid most of tl- costs 
to establish Federal Specificatio See 
“Engineering for Defense,” P Nov. 
1940, p. 504, for a detailed a t of 
the establishment of Federal cif 


cations. ) 
In spite of all difficulties and andi. 


caps, and the antipathy of the blic 
against all things militaristic, gra ually 
closer ties developed between of 
industry and officers of the milit ind 
naval services. At the same tir. that 


the Federal Specifications projec! was 
in progress, Ordnance Departme off 
cers took stock of their particular situa 
tion and studied the possibilities of ob 
taining the help of industry. Theirs із а 
big job. The Ordnance Department is 
responsible for the designs of more than 


.200 major items of equipment involy 
ing about 250,000 important compo- 
nents. To keep these designs up-to-date 
and to check and perfect the detail 


drawings and specifications involved was 
a much bigger job than the Ordnance 
Department could hope to handle with 
the small funds at its disposal. Indus. 
try was asked to help, and industry 
responded. 

With industry taking over the bulk of 
the load in studying ordnance drawings 
and specifications, the Ordnance officers 
were able to concentrate their efforts on 
studying foreign weapons and improv 
ing the overall designs of their equip- 
ment, Observers stationed in foreign 
countries sent in detailed reports of de- 
velopments in armaments. Models of 
equipments of foreign design were sub 
jected to tests at our proving grounds 
Basic designs of improved equipments 
were developed and pilot models built 
in our arsenals and tested at the proving 
grounds, 

Referring to the help rendered by 
American industry during the period 
since the World War, Brigadier General 
G. M. Barnes stated in his article ap 
pearing in the magazine Army Ord- 
nance, “Industrialists had cooperated 
fully with the Ordnance Department 
and had spent considerable sums in 
studying ordnance drawings and specifi- 
cations—no funds then (1920—1937) 
having been appropriated by the Con- 
gress for this purpose.” 

This whole program was tied in 
under the name of Industrial Mobiliza- 
tion. Misunderstanding of this plan 
sponsored by the Ordnance Department 
led some people to believe that the 
expectation was that the plan would 
enable industry to pour forth ammuni- 
tion the day after a rearmament pro- 
gram was started. But such an impossi- 
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Н. wever, 


bility was not the objective. 
the Mobilization Plan and all the other 
cooper ative activities of the Army and 


Indusiry did have one result which was 
probably unforeseen. The army officers 
d dustrial engineers became well 
acquainted with each other. 
When the program to 
launched in June 1940, the Ordnance 


rearm was 


Depa tment was ready to swing into full 
action immediately. And it did. The 
“semi-official” relationships between the 
Ordnance Department and Industry 
were developed into an officially func- 
tioning organization. Ordnance officers 
mapped out a proposed program in 
which industry was to assist the Ord- 
nance Department directly in the work 
of perfecting equipment and other Ord- 
nance designs and getting defense pro- 
duction rolling quickly. When the army 
oficers explained the plan, Industry 
accepted it with enthusiasm. 

Under the 
plan, 


Ordnance-Industry co- 
operation manufacturers were 
asked to designate one or more engi- 
neers to serve on engineering advisory 
committees to meet with qualified Ord- 
nance officers and Ordnance engineers. 
\t such committee meetings there would 
һе free and open discussions ot ques 
tions relating to the designs of ord- 
nance equipment, the materials used, 
possible improvements, manufacturing 
problems, drawings and all other 
lactors. 

As finally organized, there are about 
10 such committees and sub-committees, 
each, covering a specific kind or type of 
equipment. For example, the best engi- 
neers of the manufacturers of equipment 
relating to or similar to war tanks, serve 


on the Tank 


oficers who have made tanks their spe- 


Committee with Army 


cial study. Engineers of companies en- 
gaged in or intending to be engaged in 
the manufacture of cartridge cases are 
assigned by their company to serve on 
the Cartridge-Case Committee, and 
so on 

Besides these Ordnance Engineering 
\dvisory 
Research 
groups of committees functioning under 
the general title of “Ordnance Engineer- 


Committees there are also 


Advisory Committees, both 


ing and Research Committees on Devel- 
opment and Manufacture of Arma- 
ment." Brig.-Gen. G. M. Barnes heads 
the organization. It should be noted 
that this whole organization is inde- 
pendent of. although coordinated with, 
the Federal Specifications Committee. 

Skeptics may doubt the effectiveness 
of designing ordnance by such a “com- 
mittee” method. But it must be empha- 
sized that the Ordnance officers estab- 
lish the performance requirements and 
general specifications of the equipments 
to be made. The committees function 
sole to. solve the 


factual problems 


Au: ust. 
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posed by the ordnance engineers. The 
industrial representatives are men who 
can quickly tell what can be done most 
effectively, how the same results might 
be obtained more readily, how the me- 
chanical aspects of the designs might be 
simplified, and how the designs might be 
modified to permit faster production. 
The operation of these Ordnance Re- 
search and Advisory Committees can be 
most effective only when the coopera- 
tion is enthusiastic. The groundwork 
for that kind of cooperation was laid 
during the twenties and thirties when 
the Army officers started hob-nobbing 
with industrialists in order to make the 
the dearth of 
One might say 


best of a sorry situation 
irmy appropriations. 
that the scanty Army appropriations 
were a blessing in disguise. 

"The response of American industry 
to our invitation to form committees 
and to send their representatives to the 
meeting to be held in Washington, at 
various arsenals or wherever the com- 
mittee might decide. has been spontane- 
stated Brig.-Gen. 
G. M. Barnes in his article in 


ous and complete." 
Атту 
Ordnance, But a clearer idea of the 
nature of the cooperation is gained 
through conversations with officers and 
civilians serving on the committees. 

is an example of how such commit- 
tees form and function, there is the 
Sub-Committee for Cast Armor. 

One of the major problems in the de- 
sign of a tank is the armor plate. For 
several reasons it was desirable to use 
cast armor instead of rolled and fabri- 
cated armor which requires riveting от 
But up until 
less than a year ago there was no such 


welding in its assembly. 


thing as cast armor. It had always been 
considered that cast armor would neces 
sarily be inferior simply because it was 
cast. But the engineers of Rock Island 
Arsenal let it be known that they would 
find it very valuable to have cast armor. 
What its chemical composition should 
be, how it should be heat-treated, how 
it should be made, they had no idea. 
The only thing they were able to specify 
was that the cast armor had to be able 
to stop a shell and that it was not to 
shatter or break into fragments if a 
shell did penetrate it. The Ordnance 
Department asked the cooperation of 
American steel foundries. 

Immediately four steel foundries vol- 
unteered to cooperate freely in the de- 
velopment of cast armor and four more 
came along soon after. These eight steel 
foundries assigned the best metallur- 
gical and foundry-practice brains of 
their organization to work with the 
"service representatives," that is, officers 
and engineers of the Ordnance Depart- 
ment. Thus the Sub-Committee for Cast 
Armor was formed. Not only did the 


foundries contribute free of charge the 








services and travelling expenses of these 
experts, but they also made numberless 
samples of cast armor of different chem- 
ical compositions, heat-treatments and 
thicknesses. The samples were tested 
at Aberdeen Proving Grounds and the 
results reported to the foundry that 
made the samples. 

The Sub-Committee for Cast Armor 
meets at frequent intervals both just 
among themselves to swap ideas and 
also in official meetings with the Ord- 
nance officers. It is not a case of each 
of eight foundries cooperating with the 
Army; it is the experts of eight foun 
dries pooling their best knowledge and 
experience and giving it to the Army. 
And it should be emphasized that the 
foundry representatives are not “brass 
hats” or salesmen, but the best metal- 
lurgical brains in the respective organ- 
izations. On this committee are Dave 
Zeuge of Sivyer Steel Castings, C. F 
Landgraf of Lebanon Steel, R. A. Ga- 
W. C. 
Hamilton and C. G. Michelson of Ameri- 
can Steel Foundries, W. B. Libert and 
R. C. Heaslett of Continental Roll & 
Steel, C. N. Arnold of Union Steel Cast- 
ings Company, W. J. Phillips of Sy- 
mington-Gould Corporation, and C. F 
Wehr and A. T. Baumer of Wehr Steel 


Company. 


zelius of General Steel Castings; 


They are all authorities in 
metallurgy and foundry practice. And 
each has his staff, laboratory and foun- 
dry to bring to bear on the solution of 
any foundry problem. 

Likewise the "service representatives" 
are all men who have specialized in the 
problems relating to armor plate. Office 
of the Chief of Ordnance is represented 
by Majors J. E. McInerney, J. H. Freye 
and W. J. 


Ground 


Crowe. Aberdeen Proving 


tanks 
through their paces is represented by 
Captain J. L. Atkins and H. J. 
Other representatives 
H. A. Curtis of Rock Island Arsenal. 
Col. S. B. Ritchie of Watertown Arse- 
nal and officers from the Navy Depart 


where they put the 


Rouse. 


service include 


ment, Bureau of Ordnance. Thus, on 
this sub-committee are men from Aber 
deen who know how tanks should per- 
form, men from the arsenals who know 
the manufacturing problems involved 
and the men from the foundries. 
When it was suggested to an arsenal 
engineer that the foundries ought to be 
willing to cooperate because they must 
find their army contacts profitable, the 
answer was an explosive, “Hell, no! АП 
those foundries now have more work 
than they can handle. When they do 
get an order from us it means that they 
have to throw out some commercial work 
on which there is more profit. There is 
not much profit in war work these days.” 
When an Army officer serving on this 
committee was asked about the coopera 
tion the army was getting from the foun- 
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In anything automotive, 


dries, his answer was, "Splendid." A 
remark by one of the foundry men was, 
“The Army men are more than open- 
minded. They not only want our sug 
gestions and advice. they invite it. And 
we always try to give them something 
better than what they ask for.” 

After talking separately with various 
members of this committee one is 
strongly impressed by the evident spirit 
of mutual respect, enthusiasm and co- 
operation, There are no secrets between 
them. If one foundry hits upon some- 
thing that looks particularly good, the 
representative of that foundry tells the 
others all about it. Although officially 
and as a matter of courtesy. the Army 
reports the results of tests only to the 
foundry that made the sample tested. 
actually the results of anv and all tests 
become common property. The foundry 
engineers not only tell about their 
samples that gave outstanding results 
but they also go into complete detail of 
how they made that particular sample. 
its chemical composition, how it was 
cast, its heat-treatment and everything 
else known about it. 

(gain taking as an example the de 
sign of a tank, the complete procedure 
would be about as follows: Officers of 
the Office of the Chief of Ordnance. the 
branch of the service that will use the 
equipment and officers from the proving 
grounds get together and determine the 
desired performance characteristics of 
the tank to be designed. Based upon 
tests, reports from foreign observers. 
and the experiences ol the using arms. 


that is. the tank corps, specifications 


LOO 


{merican industry 


is supreme. Irm» 


such as fire-power. maneuverability, 


armor, speed, trench crossing ability, 
fordability and many others are estab- 
lished. From such a start, ideas get 
crystallized into a basic design. 

All conceivable means are resorted to 
in order to make certain that the pro- 
posed design will embody the features 
desired. A wooden mock-up or model is 
made to full-size with dummy guns, in- 
struments and other major elements in 
position. As a further step. an old 
model of the same type tank is rebuilt 
to incorporate some of the features de- 
sired in the new design and then sub- 
jected to proving grounds tests. The ex- 
periences in the development of former 
models and the lessons learned from 
European battle fields are drawn upon. 
Finally. everything is ready to begin on 
the actual production design. 

During the period of preliminary de- 
sign, Ordnance officers and engineers of 
Rock Island Arsenal are in close touch 
with engineers of industry, the indus- 
trial representatives who serve on the 
Tank Committee and the Research Ad- 
visory Committees dealing with designs 
of main elements of a tank. Among 
these committees is the Society of Auto- 
motive Engineers Ordnance Advisory 
Committee with its sub-committees on 
Rubber Products. Power Plant. Track 


and Suspensions, and Transmissions. The 


personnel of these committees includes 
the best brains of the American auto- 
motive industry. Sponsored by the So- 
ciety of Automotive Engineers, working 
hand in hand with the Ordnance officers, 


whenever a special problem arises that 


officers not only knou 


f 


t 


it, but are taking full advantage of it 


requires further technical talents the 
S.A.E. in consultation with Ordnance 


officers may suggest the men best 
equipped to cope with that peculiar 
problem. 

During preliminary study by the Ord 
nance Department, developments in the 
design of major components are under 
way. For example, engineers of the Ord. 
nance Department worked with engi- 
neers of Wisconsin Axle Company. Tim 
ken-Detroit Axle Company, Mack Truck 
and others in the development of the 
design of the transmissions for the 
medium tank. A “pilot” transmission 
was built and tested by Mack. Another 
one was built by Spicer Manufacturing 
Company for Chrysler. Similarly, Gen 
eral Motors, Wright Aeronautical, Con 
tinental Motors and other engine build 
ers pooled their knowledge and expe 
rience for the perfection of the design 
of the engine required. The power unit 
selected is a W right Whirlwind, modi 
fied to suit and being built by Conti 
nental Motors and others. 

Similarly, the engineering and re 
search specialists of industry wert 
called upon to develop the designs o 
the communication systems required 
the tracks, the mountings and the many 
other elements that go to make 
tank, 

When the general design was 
there was still work to be done t 
ordinate the design elements and 
out details. The committees Кер! 
working. The rubber block track 
to be shielded so that their static 


not cause radio interference. the ‹ 
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had to be installed so that it would re- 
ceive proper cooling, instruments and 
communications devices had to be 
mounted so that noise and vibrations 
would not interfere with their opera- 


tions. These and a host of other prob- 
lems had to be solved, But with the tre- 


mendous man power and the abundance 
of specialized talents brought to bear 
upon the problems һу the collective 
efforts of the experts of industry, they 
were all solved relatively quickly and 


highly effectively. The design of the 


tank rapidly reached the point where 
tools. jigs and machine capacity re 
could be 


quired for manufacturing 


visualized. 

This sounds like a long time-consum- 
ing process, but considering the size of 
the project, the speed in the design of 
the medium tank was amazing. In June 
1940 the Ordnance officers began from 
scratch, but of course with a big fund 
of data, information and experience to 
go on. That is. they were up-to-date on 
what was needed. Bw September 1940 
the layout of the medium tank had crys- 
tallized. By October 1940 pilot models 
of major components had been built and 
tested and the tank manufacturers had 
meetings with the Ordnance officers to 
ron out the last details of the design. 
Orders were placed. In May 1941 the 
frst production models were completed 
ind in June finished medium tanks 
started rolling off the production lines, 
almost exactly a year from the day when 
the project began from scratch. In that 
time not only were the designs perfected 
but a manufacturing plant was built. 
tools, jigs and gages made, manufactur- 
ing organizations assembled, and mate- 
tials procured. Now finished medium 
tanks are coming off the production 


lines of the six manufacturers daily. 


Such is the power of the new coalition 
of the U.S. 
Industry. 


Army-Navy and American 


It must not be assumed that this in- 
dustrial cooperative effort is confined to 


the Ordnance Department. In all the 


myriad phases of defense preparations 
the same general relationships exist 
All barriers between Army men, Navy 
men and civilian engineers and Indus- 
ігу have vanished. Civilian engineers 


are getting first hand information about 


ordnance requirements and are rapidly 


learning the spec ial tec hniques and re 
quirements involved. Ordnance officers 
are likewise profiting by a better in- 
sight into the problems of the American 


mass production system. Each is profit- 
ing. And thus the full power of Ameri 
can engineering and research talent Is 
being brought to bear in a most effective 
manner upon the design of armaments 
superior and their manufacture in the 
shortest time possible. 

Thus did the career men of the Army 
and Navy bring about the most powerful 
coalition the world has ever seen—a 
united industry working in closest co- 
operation with the Army and Navy off 
cers. The world’s greatest production 
industry, has 


organization, American 


not only dedicated itself to the building 
of the greatest quantity of war equip- 
ments ever made, but it is also bringing 
to bear the united power of its engi- 
neering and research talent on the solu- 
tion of the problems relating to the de- 
sign of armaments. Working under the 
guidance of Ordnance officers who know 
what is needed, with every one cooper- 
ating with enthusiasm and with all 
striving for the one objective of supe- 
riority of equipment, armaments of 


ever greater effectiveness are being de- 
veloped. 
Results are beginning to show al- 
ready. Our present planes are said by 
the British to be in many respects far 
superior to the best of Europe’s. Our 


latest design of medium tank has shown 


to be in proving grounds tests vastly 
superior to Germany's best. Our scout 
cars and armored cars are far ahead of 
all others in all respects. Our Navy 
building program is from six months 


to a vear ahead of schedule. By the end 


of this year we will have produced more 


scout cars, light armored automobiles 
and motor trucks than an army of 
2.000.000 men could use. 

Hitler has freely admitted that in his 


opinion no power could cope with the 
U.S.A. backed up by its tremendous in 


dustrial organization. But he expressed 


the opinion that American’ industry 


would be too slow vetting started to pro- 
duce the 


required armaments soon 


enough to affect the outcome of his 
blitz. Apparently he had in mind the 
conditions of World War-1. He did not 


figure on united  military-industrial 
effort wherein the forces of each are co- 
ordinated and both brought to bear with 
enthusiastic cooperation on the vast 
project of arming on a colossal scale, so 
huge that it is dwarfing the mightiest 
efforts of the Nazis “butter-for-guns” 
program. lt is entirely beyond the com- 
prehension of German minds that the 
prime fundamental of democracy, spir- 
ited cooperation, can be applied in such 
a powerful manner for the defense of 
democracy. But it is, and that is why 
U.S. armaments will pour out of fac- 
tories in abundance, and that is also 
why these armaments will be superior, 


and in their application supreme. 


ight-weight tanks in practice attack formation at Fort Knox. Kv. Some of the tanks did not have their guns when this picture 
ken, but production of equipment now has been speeded up enough to fully equip a new division every three months 
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. Modern Designs 





Multi-Spindle Rifle Drill 


Six-spindle vertical machine, designed by W. F. 








& John Barnes engineers for drilling rifle barrels, Cab/e fo Sheave ror electric Cab 
. - - . . Spina/e 

accomplishes a 50 to 85 percent saving in floor X ^о spindle motor 

area by operating in a vertical rather than 2 hori- counterweight @ 


zontal plane and by compact arrangement of the 
machine itself. Each spindle head has individual 
hydraulic actuation, motor for chuck rotation 


rica 
and coolant pump. Chip disposal, lubricant and " 
filtration and quick drill changes are also provided. 

ra Mit 


‘Ss 


Settling 
tank 









Gun barrels are held at upper end in spring-actuated chuck 
and supported at the other end on a ball-bearing spring 
mounted center, which is mounted in retractable quill. Quill is 
raised or lowered with rack and pinion by turning hand lever 
when it is at right angles to its shaft. When pulled out as 
shown, cam locks the spindle. Tailstock and spindle head are 
connected by two ground alloy steel rods. Louis Allis cartridge 
type motor drives spindle through V-belts and fits spindle head 
casting, entire assembly being slidably mounted in opposed 
vee ways. Steel pin with Stellite on the tip (instead of thrust 





bearing ) releases chuck upon return to top position. 


Flexible metal hose feeds coolant 
under pressure to hollow drill. Drill is Stud for 
se? fing 
friction 
E hock 


held stationary in the tool holder by 
friction block as gun barrel revolves and 
feeds downward. When drill becomes 
dull or sticks so that resistance of fric- 
tion block is exceeded. the drill turns 


friction 
block rubs 
on drill 

b Air 

. А А boshing 
slightly in its socket and a limit switch " 


is tripped stopping feed and spindle. 





ool swings out of position as shown so 
g | Plunger 


drill can be withdrawn 
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V-belt drive connects 15 hp., 1,800 r.p.m., Delco motor, to 
single shaft which in turn drives John S. Barnes hydraulic 
units and Brown & Sharpe coolant pumps through V-belts. 
Hydraulic units for each spindle have pision-type feed pump 
and gear-type rapid traverse pump. Hydraulic valves have 
control bar arrangement to provide automatic cycle of rapid 
approach, drill, rapid return and stop. Coolant pump delivers 
2 g.p.m. at 750 lb. per sq. in. pressure. Drills are held sta- 
tionary by frictien block forced against side of drill end. 






Kunkle relief va/ve 








Logor 4 way va/ve 












Filter cons ss of inner 
basket with perforated 
bottom and fop, sides solid. 
er fora ted intermediate 
plates, packed with sheeps 
woo/. Coo/ant forced up 
ward through fi/fe ) 


sforage fank 
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Chips and coolant drop from tail Conveyor moves chips and oil to chip higher level. From there oil passes 
stock into chute which carries them pan at end. Oil drains into sump in bot through sheep's wool filter to 70 gal. 
ick. into screw conveyor driven by a tom of machine frame. Allis-Chalmers storage sump ready for coolant pumps 
- hp. Master right-angle geared motor booster pump lifts oil to settling trav at Pump rating is 2 g.p.m.. 750 pounds 
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MODERN DESIGNS - Packaged Controls Speed Assembl 
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Control system of Universal Cooler vending machine is a storage space for bottled drinks, the refrigeration unit being 
packaged unit, designed and developed by R.B.M. Manufac- placed beneath the floor. Bottles rest on a conveyor which 
turing Company so that wiring harness, switches, cord set, brings them underneath the opening in the top of the cabinet 
brackets, and other parts are delivered as a complete sub- one at a time, when a coin is deposited. Conveyor carries 50 
assembly to be installed speedily on the line with a minimum bottles. Shelves in the top of the cabinet near fin-type evap 
of tools, Since unit is completely engineered, much designing orator pre-cool 16 bottles, Refrigeration is by dry forced air 
and fabricating time is saved. Cabinet houses a refrigerated Compressor and motor are mounted on rubber isolated plat: 


Chain conveyor, driven by gear train 


and motor, is set in motion when a coin, | E \ : 
Delivery 


dropped in the slot, closes the coin oint 
switch. This operates the relay which P 


closes the conveyor circuit and starts 
the bottle toward delivery point. Relay 
also breaks the circuit to the coin sole- 
noid, thus causing a stop to drop into 
the coin slot to prevent the insertion of 
another coin until delivery is completed. 
As the conveyor moves a bottle to the 
delivery point, the bottle tips a mercury 
switch lighting a delivery light to show 
that the machine is in operation. After 
bottle delivery. the conveyor trips an 
other mercury switch which lights the 
empty” light. unless another bottle is 
on the convevor ready to he delivered 
If another bottle is ready the mercury 
releasing the relay. which 
izes the solenoid and re 
coin slot 


ind 


part 
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Designs for Speedier Production 


Utility of welded steel tubing in de- 


| is typified by “Stan-Steel” indus 
| trucks and ladders, which are as 
iblies of standard tube shapes and 
s joined by arc or gas welding. 
nts are simple. Ends are saw cut to 
square or rectangular tubes and 
lled to fit round tubes. A saw cut is 
nost always used for joining a round 
ibe to a square tube. (A) Round tube, 
n. dia. and 16 gage, is used for side 
mber of this truck. End is reduced 


to 1!» in. for the grip. Tube is then run 
through dies to reduce round section to 
rectangular and the grip to an oval with 
flattened sides. Bend in the handle is 
simple press operation. Rests and rein- 
forcing over wheels are simple tube 
bends. (B) Tote-box truck of straight 
welded round tubing can be readily 
changed to fit other size boxes. (( 
Framing of this truck is 1 

tangular tubing. Stakes are 2 in. dia. 
14 апа 16 gage. Bent tubes support axk 


for large wheel. (D) Square and re 
tangular tube (16 gage, low-carbon 
steel) combination makes truck strong 
enough to carry heavy dies without re- 
inforcing webs or heavy sections. (E 
Side members of ladders have flat sides 
and rounded edges. are formed from 
Lo in., 20-gage tubing. Rounds are tubes 
which pass through side rails and are 
welded on both inside and outside of 
rail thus sealing against moisture 


cumulation in side pieces, 





Modern Designs 







Six-spindle vertical machine, designed by W. F. 
& John Barnes engineers for drilling rifle barrels, 
accomplishes a 50 to 85 percent saving in floor 
area by operating in a vertical rather than a hori- 
zontal plane and by compact arrangement of the 
machine itself. Each spindle head has individual 
hydraulic actuation, motor for chuck rotation 
and coolant pump. Chip disposal, lubricant and 
filtration and quick drill changes are also provided. 
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Flexible metal hese feeds coolant 
under pressure to hollow drill. Drill is 
held stationary in the tool holder by 
friction block as gun barrel revolves and 
feeds downward. When drill becomes 
dull or sticks so that resistance of fric- 
tion block is exceeded, the drill turns 
slightly in its socket and a limit switch 
is tripped stopping feed and spindle. 
Tool swings out of position as shown so 
drill can be withdrawn. 
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Multi-Spindle Rifle Drill 


LAGE 


Cab/e fo Sheave ror electric cable 
quce o spindle motor 


Settling 
tank 


Gun barrels are held at upper end in spring-actuated chuck 
and supported at the other end on a ball-bearing spring- 
mounted center, which is mounted in retractable quill. Quill is 
raised or lowered with rack and pinion by turning hand lever 
when it is at right angles to its shaft. When pulled out as 
shown, cam locks the spindle. Tailstock and spindle head are 
connected by two ground alloy steel rods. Louis Allis cartridge- 
type motor drives spindle through V-belts and fits spindle head 
casting, entire assembly being slidably mounted in opposed 
vee ways. Steel pin with Stellite on the tip (instead of thrust 
bearing) releases chuck upon return to top position. 
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V-belt drive connects 15 hp., 1,800 r.p.m., Delco motor, to 
single shaft which in turn drives John S. Barnes hydraulic 
units and Brown & Sharpe coolant pumps through V-belts. 
Hydraulic units for each spindle have piston-type feed pump 
and gear-type rapid traverse pump. Hydraulic valves have 
control bar arrangement to provide automatic cycle of rapid 
approach, drill, rapid return and stop. Coolant pump delivers 
2 g.p.m. at 750 lb. per sq. in. pressure. Drills are held sta- 
tionary by friction block forced against side of drill end. 
























-- Coolant return lever 
(coolant to too! holder 


Kunkle relief valve . „/ Outlet for pressure 
е or return fo tank) 


_” switch if desired 










Logan 4-way va/ve , --Brown & Sharpe 


coolant pump 





POM Flow of coolant and 
chips fo conveyor 


Filfer consists of inner 
basket with perforated 
bottom and fop, sides solid. 
Per fora ted intermediate 
plates, packed with sheeps 
woo/. Coolant forced up- 
ward through filter fo 
storage tank ---, 


__---Schrader pressure gage 


Pipe /ine from _-Conveyor driving motor 
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Coolant storage 





Chips and ceolant drop from tail- Conveyor moves chips and oil to chip higher level. From there oil passes 
stock into chute which carries them pan at end. Oil drains into sump in bot- through sheep’s wool filter to 70 gal. 
back into screw conveyor driven by a tom of machine frame. Allis-Chalmers storage sump ready for coolant pumps. 
%4 hp. Master right-angle geared motor. booster pump lifts oil to settling tray at Pump rating is 2 g.p.m., 750 pounds. 


August, 1941 403 











Control system oí Universal Cooler vending machine is a 
packaged unit, designed and developed by R.B.M. Manufac- 
turing Company so that wiring harness, switches, cord set, 
brackets, and other parts are delivered as a complete sub- 
assembly to be installed speedily on the line with a minimum 
of tools. Since unit is completely engineered, much designing 
and fabricating time is saved. Cabinet houses a refrigerated 


Chain conveyor, driven by gear train 
and motor, is set in motion when a coin, 
dropped in the slot, closes the coin 
switch. This operates the relay which 
closes the conveyor circuit and starts 
the bottle toward delivery point. Relay 
also breaks the circuit to the coin sole- 
noid, thus causing a stop to drop into 
the coin slot to prevent the insertion of 
another coin until delivery is completed. 
As the conveyor moves a bottle to the 
delivery point, the bottle tips a mercury 
switch lighting a delivery light to show 
that the machine is in operation. After 
bottle delivery, the conveyor trips an- 
other mercury switch which lights the 
"empty" light, unless another bottle is 
on the conveyor ready to be delivered. 
If another bottle is ready the mercury 
switches reset, releasing the relay, which 
in turn reenergizes the solenoid and re- 
moves the barrier from the coin slot. 
Entire conveyor assembly and coin con- 
trol can be removed as a unit for servic- 
ing, thus the defective part can be im- 
mediately replaced and sent to factory. 


Conveyor 
drive 
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storage space for bottled drinks, the refrigeration unit being 
placed beneath the floor. Bottles rest on a conveyor which 
brings them underneath the opening in the top of the cabinet, 
one at a time, when a coin is deposited. Conveyor carries 50 
bottles. Shelves in the top of the cabinet near fin-type evap- 
orator pre-cool 16 bottles. Refrigeration is by dry forced air. 
Compressor and motor are mounted on rubber isolated plate. 
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Designs for Speedier Production 


Utility of welded steel tubing in de- 
sign is typified by “Stan-Steel” indus- 
trial trucks and ladders, which are as- 
semblies of standard tube shapes and 
sizes joined by are or gas welding. 
Joints are simple. Ends are saw cut to 
fit square or rectangular tubes and 
milled to fit round tubes. A saw cut is 
almost always used for joining a round 
tube to a square tube. (A) Round tube, 
2-in. dia. and 16 gage, is used for side 
member of this truck. End is reduced 
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to 1% in. for the grip. Tube is then run 
through dies to reduce round section to 
rectangular and the grip to an oval with 
flattened sides. Bend in the handle is 
simple press operation. Rests and rein- 
forcing over wheels are simple tube 
bends. (B) Tote-box truck of straight 
welded round tubing can be readily 
changed to fit other size boxes. (C) 
Framing of this truck is 1j5x2 in. rec- 
tangular tubing. Stakes are 2 in. dia. 
14 and 16 gage. Bent tubes support axle 


(E) 





for large wheel. (D) Square and rec- 
tangular tube (16 gage, low-carbon 
steel) combination makes truck strong 
enough to carry heavy dies without re- 
inforcing webs or heavy sections. (E) 
Side members of ladders have flat sides 
and rounded edges, are formed from 
lo in., 20-gage tubing. Rounds are tubes 
which pass through side rails and are 
welded on both inside and outside of 
rail thus sealing against moisture ac- 
cumulation in side pieces. 
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Impeller of Trane turbo-vacuum compressor must with- 
stand centrifugal forces due to 3,600 r.p.m. rotating speed, 
must have smooth gas passages, must be made of non- 
corrosive materials to prevent dynamic unbalance caused by 
corrosion effects, Side plate has large opening for gas inlet 
which also must be sealed at the edge to prevent recirculation 
of the gas. To reduce weight of impeller the inlet and side 
plate are made of one sheet of red brass. Reversing the metal 
upon itself at the opening to form the inlet and seal could 
be done with dies but the cost and length of time required to 
make them was prohibitive. A method of spinning the plate 
to shape and reversing the metal upon itself to the accuracy 
required and which required only low-cost spinning chucks 
was developed by Milwaukee Metal Spinning Company. 





Original design of liquid server 


Designs for Speedier Production (continued) 





molded of Tenite in several colors and 






Redesign co s 
three zinc base. 
castings w 
Tenite 


bross sond 


Plastic coatings are being applied to parts, such as car 
door handles of cast iron and steel wrench handles, to get 
smooth surfaces and colorful finishes at comparatively low 
cost. Floor outlet shown was formerly made of four brass 
sand castings, machined and polished. Redesign at right by 
Gilbert Rhode for Fibre Conduit Company is zinc, die-cast 
in three parts and coated with Tenite by American Insulator 
Corporation. Much machining and polishing is eliminated. 





Laminated plastic dials for Ash- 
croft gages, replace brass or aluminum. 
White dial face with jet black numerals 











made by Federal Tool Corporation con- 
sisted of a plastic cap to which was fast- 
ened, with four rivets, a stamped handle, 
a stainless steel slide and a coil spring. 
New design by Barnes & Reinecke is 
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consists of only two plastic parts with 
a small stainless steel coil spring to 
close the slide. Thus all stamping and 
riveting operations have been eliminated. 
Spring hooks on projection in moldings. 





is sandwiched between layers of clear 
plastic; it can be kept clean readily, will 
not corrode or crack. Cover of gage is 
also made of clear plastic instead of 
glass. 
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Dual Drive for Lawn Mower 


Two separate drives, each with its 
own independently operated clutch, are 
arranged about a common drive shaft on 
the Jacobsen Lawn King which is pow- 
ered by a 1 hp. 2-cycle horizontal 
engine. Traction shaft sprocket is chain- 
driven. Sprocket serves as the driving 
plate of the traction clutch, power being 
transmitted through a friction disk on 
each side of the sprocket. The clutch 
itself is actuated by means of a spool 
engaging two spring steel fingers which 
provide resilient engagement of the slid- 
ing clutch plate. This eliminates any 
need for critical adjustment as would be 


Traction shatt 
sprocket 


Clutch 
operating 


Friction disks 


t Center bearing 


the case with solid levers, according to 
Einar Jacobsen, vice-president. The sta- 
tionary clutch plate is keyed to a drive 
tube which transmits the torque to the 
differential case and thence through 
bevel gears to the traction shaft which 
rotates inside the tube. This shaft is 
divided into two parts extending to each 
side of the mower from the differential. 
The far end of each is mounted on in- 
closed ball bearings in the mower side 
frames. The final drive to the traction 
wheels is through sprockets and chains, 
all inclosed and operating in an oil bath. 
The reel drive sprocket and clutch are 


Reel clutch 
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mounted integrally with the differential 
case. The sprocket normally floats on a 
bronze bearing on the differential case 
when the clutch is disengaged. A slid- 
ing collar, keyed to the differential case 
and having driving pins to engage in 
holes in the reel sprocket, provides the 
means of transmitting the drive to the 
sprocket and thence by chain to the cut- 
ter reel. Differential gears and other 
parts are die-cast Zamac No. 3. Frame 
and pneumatic tired wheels are as- 
sembled of electric cast iron parts. En- 
gine has oil bath cleaner and air vane- 
type governor operated from fan blast. 








— 
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MODERN DESIGNS 





One of largest moldings made of a thermosetting 
plastic to date (20 in. long x 9435. in. wide) is the Porto- 
Server molded of phenolic resin by Chicago Molded Products 
Corporation. Strength, alcohol and water resistance, were 
required. Parts weigh about 6 lb.; molds weigh about 2,300 
Ib. and cost about $7,000 each. Fluted sections and separately 
molded handles are painted in light shade to contrast with 
walnut or ebony black finish of the large molding. Same 
mold can be used for Porto-Baradio, Stewart-Warner radio 
being placed in rectangular cut-out in front of molding. 
Radio is shielded on top with papier-mache. 





d 





Window shades are molded of Tenite by Eclipse Moulding 
Products Company for Greyhound Management Company 
buses. Weighing approximately four lb., this shade represents 
one of the largest single units molded of a thermo-plastic 
material. Shade material had to be translucent enough to 
admit a soft light and yet eliminate glare, and also had to be 
light in weight, stable in characteristics, tough enough to 
withstand wear, and of attractive appearance. The mold is 
made so that by simple changes it can accommodate three 
sizes of shade: 22x20 in., 31x20 in., 331$x20 in. by Y in. to 
+ 0.010 in. tolerances. Retainer and latch strips are molded 
separately of same material. Fluted cross-section provides 
flexibility and serves to hold shade firmly in slides, thus 
eliminating noise due to rattling of one part against another. 


RANDOM JOTTINGS 
ABOUT NEW DEVELOPMENTS 


PINCH ON METALS is causing return to 
previously used materials: Rail car 
makers following ship builders in the 
swing back to use of wood instead of 
steel. Demand for freight cars and not 
sufficient priority on steel is causing the 
return to wood construction. Zinc alloy 
parts in- washing machine wringers are 
being replaced with cast iron. Agitators 
made of assembled porcelain enameled 
steel stampings are undergoing experi- 
ment. Glass tanks are replacing zinc 
tanks on kerosene heaters. 


New uses for plastics include: Artus 
milling cutter spacers in thicknesses of 
0.001 to 0.0075 in., each thickness being 
of a different color for ready identifica- 


Pneumatic rollers, designed to re- 
place steel roller with solid rubber cover 
for carries at points on belt conveyors 
subjected to shock or impact, are made 
up of a series of 6 in. diameter rubber 
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“tires” mounted on a steel hub in which 
bearings are housed. Shafts and bear- 
ings are pressure lubricated. Roller 
units have thick treads, and are perma- 
nently sealed against loss of air. 


tion; Plaskon plastic for Bassick casters 
in colors to match furniture; Curved 
Lucite rod on end of flashlight case with 
small magnet in tip for finding and pick- 
ing up small parts in dark corners. 
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CENTRIFUGAL GOVERNORS 






Analysis of Properties With Design Procedure 


ESIGNED to maintain auto- 
matically constant speeds of 
prime movers, regardless of 
load demands, centrifugal governors are 
quite simple in operation. A centrifugal 
force which acts on rotating weights is 
balanced by known forces, usually 
gravity fer low speeds and springs for 
high ypeeds. Any change in the speed 
of the unit being governed will vary 
this centrifugal force. For equilibrium 
to be maintained, the weights must 
assume a new position in response to 
any change of speed. This movement is 
used to vary the energy input to the 
machine being governed thus restoring 
its speed tothe normal value. From this 
it is seen that a governor has two func- 
tions; to measure the prime mover 
speed and to vary the energy supply. 
The properties of a governor are nat- 
urally dependent upon its design. 
Hence, before taking up the actual 
design procedure, it will be helpful to 
consider in some detail these proper- 
ties and the way in which they can be 
measured. As outlined here, these prop- 
erties agree with those given in the 
A.S.M.E. Power Test Code for Speed 
Responsive Governors. 


PERCENT SPEED REGULATION is the total 
speed variation of the machine ex- 
pressed as a percentage of the mean or 
average speed of the unit. This property 
may be measured for two conditions of 
operation: 

Condition (4)—The change of speed 
which occurs with a load change. 

Condition (B)—The departure from 
constant speed which occurs with con- 
stant load and constant operating condi- 
tions of the prime mover. 

The regulation for which the gov- 
ernor is to be designed will depend 
upon the use of the driven machinery 
or apparatus. If the regulation becomes 
extremely small the governor is said to 
be isochronous. Under this condition 
the weights do not have a definite posi- 
tion for each speed, hence they will 
alternately move rapidly between the 
extreme positions, and the prime mover 
will experience sudden speed changes, 
known as “hunting.” 

In general, centrifugal governors have 
a regulation of 2 to 12 percent; those 
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operated in conjunction with an oil 
relay have a regulation of about 
half this amount. For Condition (B) 
the departure from a constant speed 
with constant load and operating condi- 
tions is small; the maximum value being 
about !4 percent. The regulation for 
this latter condition is more dependent 
upon the size of the rotating parts or a 
flywheel, than upon the governor; since 
the action is too rapid and frequent for 
governor control. 
When N. = r.p.m. of machine at high 
speed divided by 1,000 
N, — r.p.m. of machine at low 

speed divided by 1,000 
the formula for determining the percent 
of speed regulation R is 
__ NN 
~ (Na+ N,)/2 
_ 2(Ne— Ns) 
= АЫ + No 

The percentage regulation of a given 

unit can be determined by test. For 
Condition (4) the unit is operated at 
various loads, then after conditions have 
become steady, the exact speed is noted. 
A curve can then be plotted of speed 
against load, which will show any devia- 
tion from the desired straight line rela- 
tionship. The regulation is usually 
based upon the two extremes of loading. 
that is, upon the no-load speed and full- 
load speed. For Condition (B) the ex- 
tremes of speed are found by means of 
a sensitive tachometer or oscillograph. 
Naturally, the regulation for this condi- 
tion will be closer for a rotating ma- 
chine than for a reciprocating one, since 
the energy input is more uniform. 


R X 100 


x 100 (1) 


PERCENT SPEED ADJUSTMENT is the per- 
centage of the nominal or normal speed 
of the unit at which the governor will 
operate satisfactorily without exceeding 
acceptable values of regulation. For 
example, a turbine may be specified to 
operate at 2,000 r.p.m. with a +10 per- 
cent speed adjustment. This means that 
the governor should be adjustable so 
that the turbine will run satisfactorily 
at any speed between 1,800 and 2,200 
r.p.m. This can be done by adjusting 
the tension in the outside spring. 


SENSITIVENESS is a measure of the mini- 
mum change in speed at any governor 
position which will cause a movement 


of the governor mechanism. This prop- 
erty is measured as a percentage of the 
average or mean speed, hence can be 
calculated by Equation (1). Sensitive- 
ness is a measure of the amount of fric- 
tion and lost motion in the governor 
mechanism, and depends upon: 


l. Design, that is, the number and 
type of pivots or working joints. 

2. Lubrication of the moving parts. 

3. Amount of vibration of the gov- 
ernor. 

4. Forces transmitted to the governor 
through the sleeve. 

Sensitiveness can be measured by 
slowly changing the load on the prime 
mover and observing the speed change 
required to cause the governor mechan- 
ism to change its position. 

If there is too much lost motion or 
friction, no motion of the governor will 
occur until the speed change is large, 
and the mechanism will then move con- 
siderably after it does start. The result 
will be large swings in the speed, giving 
an undesirable hunting condition. 

A governor with a small regulation 
will be more sensitive than one with a 
large regulation, as the movement of the 
mechanism will be greater for a given 
speed change. 


Rapipity is a measure of the speed with 
which the mechanism of the governor 
adjusts the valves in response to a sud- 
den load change. This property includes 
the speed variations which occur with 
sudden load changes and the time re- 
quired for the prime mover to return 
to its normal speed. 

In order to determine the rapidity it 
is necessary to use a recording tacho- 
meter or oscillograph which will record 
the speed of the prime mover from the 
instant the load is changed until the 
speed is again normal. . 

A governor with a small regulation 
will have a relatively small motion for a 
given speed change, so that the action 
of the governor in restoring the prime 
mover to the normal speed is rapid. 


STABILITY. For each given speed of the 
prime mover there should be a definite 
position of the governor mechanism. If 
this is so, the governor is said to be 
stable. However, if the mechanism 
assumes a number of positions for a 
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given speed, the governor is said to be 
unstable and tends to hunt. A stable 
governor generally has a low sensitivity 
and a large regulation, and is also rapid 


in action. 


GOVERNING FORCE or STRENGTH is the 
regulating force of the governor, or the 


force available to operate the valves. 
Since it is a property of the governor, 


this force is always measured at the 
governor sleeve rather than at the valve. 

If the speed of the prime mover is 
constant there is no force exerted on 
the valve levers, as the centrifugal force 


on the weights is balanced by the spring 


load or by the force of gravity. If, how- 
ever, the governor sleeve is held fixed 
while the speed is changed 1 percent, 
the force exerted on the sleeve is 
known as the strength, or ability to 


overcome unbalanced forces and fric- 
tion. This property should be deter- 
mined for both the inner and outer 
positions of the weights as the strengths 
will differ for the two positions. 

The governor strength for a 1 per- 


cent speed change can be determined 
by operating the prime mover at no 
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-Typical centrifugal governor with lever arms and outside spring for governing 
a steam turbine. (De Laval Steam Turbine Company) 


load and 99.5 percent of the normal 
speed. The linkage between the gov- 
ernor and valve is adjusted so that the 


weights will be in their high speed posi- 


tion. If the supply valve is then moved 
until the prime mover speed is 100.5 
percent of the normal and the governor 
sleeve held fixed, the resulting force 


exerted at the sleeve will be the 


strength. This test should be repeated 


with the weights in their low speed 
position. 

The strength can be calculated for 
any given speed, /V, as it is the differ- 


ence in spring loads for a 1 percent 


speed change. In order to derive this 
equation let 


volume of weights, cu.in. 

dia. through center of gravity of 
weights, in. 

= moment arm of center of gravity 
above the pivot point, in. 
moment arm of spring load from 
pivot point, in. 

lever ratio = G/H 

speed in 1,000 r.p.m., r.p.m./1,000 
weight constant, lb. = 4.025 VdQ 
spring load, lb. 

Initial load on spring — 4.025 VdQ (0.995 N)? 
= k (0.995 N)? 


Final load on spring, assuming that the 


ror = © ax 
Il 





position of the mechanism is not 


changed 
= k (1.005 N}? 
Available force = k [(1.005 N)* — (0.995 N)?] 
= 0.02k N? — 0.02L (2) 
It is evident from Equation (2) that 
the strength for a given speed can be 
increased by increasing the size of the 
weights, the diameter to their center of 


gravity, or the lever ratio. Equation (2) 
does not include frictional effects in the 
governor itself; hence the equation will 
not check the test values exactly. The 
strength is limited by the size of the 
governor which in turn is limited by 
stress considerations and the size of the 
prime mover. 


Work Capacity for a 1 percent speed 
change is the arithmetical mean of the 
governor forces at the inner and at the 
outer positions of the weights for a ] 
percent speed change multiplied by the 
arithmetical mean of the two corre- 
sponding sleeve travels for a 1 percent 
speed change. 

Any factor which will increase the 
strength will in turn increase the work 
capacity. The work capacity will also 
be increased by a longer travel for a 
given regulation, or smaller regulation 
for a given travel. 


Design Procedure 


A sectional drawing of a steam tur- 
bine governor with its lever arms and 
outside spring is shown in Fig. 1 to 
illustrate a typical centrifugal governor. 


CENTRIFUGAL Force. If the density of 
steel is taken as 0.283 lb. per cu. in., 
the centrifugal force F in lb. exerted 
by a particle of weight w lb. rotating 
about the center line at a radius r in. 
or a diameter d in., with an angular 
velocity of w radians per sec., is 


wr э 
ro we c T (erige) 


g12 
or F = 8.05 Vr N? = 4025 Vd N? (3) 





Fig. 2—Schematic diagram of a typical 
spring loaded centrifugal governor show- 


ing the forces ‘in the system 
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The schematic sketch, Fig. 2, of a 
typical spring loaded centrifugal gov- 
ernor shows the forces acting. An analy- 
sis of these forces shows that for any 
position 
_ FG 


LH 


= FQ = 4.025 Уа № (4) 


where V is the total volume of two 
weights. Since for any given position 
of a particular governor V, d and Q are 
always the same, Equation (4) may be 
written. 
І, = К № 

The factor k is a function of the moment 
of the centrifugal force as applied at 
the spring seat. 

In terms of the spring load for the 
final or outer weight position L, in lb., 
the spring load for the initial or inner 
weight position L, in lb., and the sleeve 
travel T in in.; the scale S of the gov- 
ernor spring in lb./in. is given by 

8-21 (5) 

It can be shown (see pages 448-449 
of the first edition of Mechanics of Ma- 
chinery by Ham & Crane) that it is 
not correct to find the centrifugal force 
moment by assuming the mass of the 
weights and lever arms as concentrated 
at their centers of gravity. Instead, these 
items should be broken down into small 
simple shapes, and the moment found 
for each separately. These moments 
may then be summed up to obtain the 
total moment for any position of the 
mechanism. The correct method of ob- 
taining this moment would be to em- 
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ploy integration, but it is usually im- 
practical. The need for breaking up 
the masses into small parts increases 
when the line through the pivot and 
center of gravity of the whole mass 
makes a large angle with the center 
line of rotation, and when the distance 
between this center of gravity and the 
pivot point is large, that is, for “long” 
weights. 


GOVERNOR. To illustrate the design pro- 
cedure simply it will be assumed, al- 
though incorrectly as just noted, that 
the mass of the weights is concentrated 
at their centers of gravity as shown in 
Fig. 2, and that the weight of the arms 
is neglected. The nominal speed N, the 
desired percentage regulation R and 
the travel of the sleeve T are given. The 
volume of the two weights V is found 


by trial to give the desired strength, and 


the dimensions of the mechanism as- 
sumed with regard to the overall size 
of the governor. From these prelim- 
inary values a layout, which should be 
several times full size for accuracy, and 
a table as shown in Fig. 3 are made. 

The total travel T is divided into a 
number of equal steps, and the corre- 
sponding positions of the center of 
gravity located as shown. The values 
of H, G and d are listed in the table for 
the various positions. From these the 
lever ratios Q and the factors k can be 
obtained. 

Knowing the nominal speed N and 
the percent regulation R, the values of 
N, and N, can then be determined and 
entered in the table. The values of 
centrifugal force F, and spring load L, 
can then be calculated using the spring 
loads at the end positions. The required 
spring scale can be calculated by the 
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Fig. 4 Diagrammatic sketch of the leverage system connecting the centrifugal governor 
with the energy supply valve for the prime mover 


Axis of 


rotation —~----. 





phical construction for obtaining values of moment arm of spring load from 
nt arm of center of gravity above the pivot point, and the diameter 


Equation (5). It should be noted that 
these spring loads and this spring scale 
are really “equivalent” as will be ex- 
plained later. 

Having determined the spring scale 
S, which is constant, the end spring 
loads L, and L,, and the deflection of 
the spring at the various positions, the 
intermediate spring loads can be ob- 
tained. From these intermediate spring 
loads the corresponding centrifugal 
forces and speeds are found, thus com- 
pleting the table. 

In the procedure as outlined, the size 


of the weights and lever ratio may be 


varied until desired spring load condi- 
tion is met. 


OPERATING LEVERAGE. A sketch of the 
leverage connecting the governor with 
the energy supply to the prime mover 
is shown diagrammatically in Fig. 4. 
As mentioned previously, the values of 
spring load and spring scale found in 
the procedure described are “equiva- 
lent” since they represent the outside 
spring load L, and the outside spring 
scale S,, combined with load L. and 
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the scale S, of the main governor spring. 
Where T is the travel of the governor 
stem, it is seen from Fig. 4 that the 
travel of the supply valve is given by 
T x (c/a), and the deflection of the 
outside spring by T X (b/a). All forces 
and scales are referred back to the 
governor, so that expressions can be 
derived for the equivalent spring load 
E, in lb., and the equivalent spring 
scale E, in lb./in., with both terms re- 
ferred to the governor sleeve. so that 
E: = L + Lı X (b/a) (6) 
Ез = 8, + Sı X (b/a) (7) 
"The equivalent spring scale Es and 
the equivalent spring load E, must be 
divided between the outside and inside 
springs in accordance with Equations 
(6) and (7). It is unwise to put too 
much load on the governor thrust bear- 
ing by making the outside spring load 
or scale too large. 


SPEED ADJUSTMENT. It may be desirable 
to have a certain range of speed through 
which the unit will act satisfactorily, 
that is, speed adjustment. This may be 
obtained, within limits, by altering the 
initial load on the outside spring. 

For example, suppose that the unit is 
to operate with a nominal speed 10 per- 
cent greater or less than its usual value 
N without having its regulation exceed 
the limits of 2 to 10 percent. For a 
given mechanism and weights, curves 
like those shown in Fig. 5 can be plot- 
ted. With low speed V, and high speed 
N, being the nominal speeds for the 
given adjustment plus or minus one half 
the regulation R, E,» and Ez: being the 
equivalent spring loads at the initial or 
inner weight position and the final or 
outer weight position respectively, also 
k, and k, being the weight constants at 
the initial and final weight positions, 
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Fig. 5—Graphs for determining factors needed to calculate 


spring load and scale values 
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the spring load curves can be found 
from 
Er. = ke Nè, Er: = ki Nè 

The values thus found are plotted at the 
nominal speed for the given adjustment. 
The equivalent spring scale is plotted 
from the load points found by the 
equation 
Еш — Er, 

Т 

For a given mechanism and set of 
springs, there can be only one spring 
scale. This is represented on the dia- 
gram by a horizontal dotted line drawn 
between 0.9N and 1.1N. This line should 
not cross either of the equivalent spring 
scale curves as they represent the lim- 
its of the regulation range. After this 
equivalent spring scale has been estab- 
lished, the corresponding points on the 
E,, and E,, curves are found. These 
curves are also shown dotted on the 
figure. There is no reason for attempt- 
ing to find any points other than the 
end points, as they are all that are 
needed for designing. 

Having obtained Es, Eze for 2 and 
10 percent regulation and E;, for 2 per- 
cent regulation from the curves, the 
spring scales and loads for the inside 
and outside springs can be found by the 
Equations (6) and (7). It is desirable 
to have the initial outside spring load 
zero or nearly so for 0.9N and the 10 
percent regulation, and to keep the out- 
side spring scale as low as possible so 
as to reduce the load on the governor 
thrust bearing. Having found the loads 
and scales of both springs, they can 
now be designed to suit space and stress 
considerations. 


Es = 


CHARACTERISTIC Curves. If the cen- 
trifugal force acting on the weights is 
plotted against the radial position of 


Centrifugal Force — Lb. 





their center of gravity as shown in Fig. 
6, more information concerning the gov- 
ernor action is disclosed. Referring to 
this figure, the curve bma is the theo- 
retical curve for a typical governor. 
There will be a certain amount of fric- 
tion and lost motion in the mechanism 
so that the actual curves will be dis- 
placed somewhat from the theoretical. 
These are shown as dotted lines in the 
figure, the upper line representing the 
actual curve obtained when the weights 
are moving outward and the lower line 
for the weights moving inward. 

The radial lines oa, on and ob’ are 
lines of various constant speeds since 


F = 8.05 V r N? = constant X r 


If these radial lines coincide with the 
characteristic curve for short distances, 
the weights may assume several posi- 
tions for a given speed and the governor 
is unstable. If the curve should be a 
straight line which if extended would 
pass through the origin O the governor 
would be isochronous. Hence, the larger 
the angle which the curve makes with 
the radial lines, the more stable the 
governor. 

It is shown in Trinks “Governors, and 
the Governing of Prime Movers," that 
the percentage regulation is given by the 
value of the expression 


ab' 
aw 4- bw 
By drawing the semi-circle asw and 
ray omn to aw and the horizontal ns 


ws 
Na ш Na 





wa 
so that if the speed at a point such as 
a is known, the speed at any other point 
on the curve such as m can be found 
graphically. 


Radius to C.G. — In. 


Fig. 6 —Characteristic curve for determining the properties and 


action of a centrifugal governor 
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Causes and Cures 


The two holes in a carburetor through 
which fuel mixture is distributed must 
be exactly alike for good performance 
of V-type engines. Ford engineers have 
specified that one hole should not be 
more than 0.0002 in. larger in diameter 
than the other. Preliminary tests showed 
that no matter how accurately alike two 


__Fflastic flows into threads, 
UXlnecessitating retapping 
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separate broaches were, the allowable 
variation between holes machined by 
them was exceeded. Required accuracy 
could be obtained only by specifying 
that the same broach be used for both 
holes in each carburetor throttle-body. 
Result is the tandem set-up shown in the 
above illustration. 


Raised insert eliminates 
dirty threa ds 7 


Plastic cures so quickly at thin section that it 
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Tapped inserts in molded phenolic 
plastics often must be cleaned after the 
molding operation. Plastic is apt to flow 
into the threads when the top of the in- 
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does nof flow over top of insert 
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sert is flush with molded piece. Methods 
adopted by General Electric for elim- 
inating this plastic flow are shown in 
(b), (c), and (d) above. 





Leave strip unlacquered-» 
E 


Channels reduce concentrations 
a / 
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Extruded plastie molding applied 
to lacquered metal, such as window gar- 
nish molding and instrument panels of 
automobiles, resulted in changed colors, 
embrittlement, peeling and “dissolving” 
of the lacquer in a narrow zone around 
the molding. As the plastic aged its 
plasticizer evaporated and attacked the 
lacquer. By designing the molding and 
panel as shown above and by slightly 
changing the lacquer formula and the 
plasticizer, the situation has been con- 
siderably improved. Polystyrene ex- 
truded plastic, which will seon be avail- 
able, may be another cure hecaase poly- 
styrene is not plasticized. j 


SEVERE TORSIONAL SHOCK loads were 
placed on the spindle of a brake drum 
truing lathe when the motor stopped. 
The lathe was used for turning heavy 
truck wheels weighing as much as 2,000 
lb. The shock loads were caused by the 
single-thread worm in the spindle drive. 
Helix angle of the. worm was 30 small 
that the worm locked when the spindle, 
in attempting to coast to a stop, reversed 
the drive through the worm. Cure was 
to change to a three-thread worm and 
reduce its speed. 


PRODUCT ENGINEERING will pay a minimum 

of $3 for each example published in Causes and 

Cures. Where illustrations are necessary, include 
drawings, rough sketches or photographs. 
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BEARINGS IN DIE-CASTINGS 


BEARINGS in die-castings fall into three 
distinct classifications: 


1. Holes cored or drilled in the die- 


casting with high accuracy, reamed or 
broached to accurate size with the die- 
casting metal serving as the bearing 
material. Since most die-casting alloys 
are too soft for heavy bearing service, 
this type should be used only for light 
loads or low speed. 

2. Bushings can be cast into the die- 
casting as inserts. Since they are accu- 
rately located by pins in the die, at most 
only light broaching or reaming is re- 
quired after assembly. 

3. Bearings of almost any type can 
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Face sealed "^ 
with litharge 


FI6. 1- CORED OIL RESERVOIR 
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Conical bearing adjust- 


Hole can be threaded by: 
(1) Tapping cored hole 
2) Coating bearing threads 


casting as insert 


be pressed into holes or recesses cored 
in the die-casting. For accurate center 
distances and diameters, these cored 
holes also should be finish broached or 
reamed. 

Die-casting alloys of higher melting 
points than the zinc alloys have greater 
shrinkages in cooling and, therefore, 
more liberal casting tolerances, and 
slightly more machining will be re- 
quired. Some aluminum and copper 
alloys have bearing properties better 
than those of the zinc alloys. 

Recesses for oil holes can be cored 
if they do not have undercuts. Drilling 
these holes may be cheaper. Porous 


„Felt oil i 
y reservoir “а 
` 


Hole should 
“be drilled 
here when 
NY solid bushing 
is use 














S7 


N 




























Hardened ball 
takes thrust of worm 


Ер 


T 
УУ 00127725, 


j \ 
2 \ 
= Ih e 
zs d "m | 
к ККК QNS NS E 


4 
0 
ase 1 дй 
اا ا‎ 








bronze bushings should be pressed in. 
They have successfully been cast-in as 


inserts, but hot metal flowing around 
them is likely to close the pores and 
spoil the oil-feeding properties of the 
bushings. 


Ease of replacing the bearing is often 
a consideration. Bushed bearings can 
readily be replaced. Where the die. 
casting alloy itself acts as the bearing, 
it is necessary to redrill the hole for a 
repair bushing or for a larger shaft size 
when the hole wears out-of-round. The 
designs shown here are through the 
courtesy of The New Jersey Zine 
Company. 
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i ypical Methods for Mounting 
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Cover plate is zinc 












1 ` N ٩ i alloy i 
CONI LASS ris X ida N i Ar 
I«-5/ee/ ca N Еа 
GY [Cx m ` EHS 
Y М Porous bronze ү 
And adc 6. self aligning N 
bearing N 








A 
n 


FI6.8- SELF-ALIGNING BEARING 



































d SN سسس‎ 
| TN - 
L i Die-cast €onnecting rod АКИ Е era? 227 ALES 
SE Е SS N Ai 
Ball bearings MEER Searing sleeve | ; DR S S 
conven tionally Cored recess тө | | KK YE Zee 
Р i 
shaft | — 
f س‎ pressed “ 
i over die-cast 
L “eccentric SS 
и S 
\ 
N 
N 
S 
f, ЖЕ R= 
n, N Knurled steel HQ 
s d cast as insert A V 
| Ae ا‎ 
--Die-cast eccentric FS 
Flo.9- SHAFT OF LIGHT AIR COMPRESSOR FI6.10- SMALL GASOLINE ENGINE 
NG August, 1941 


415 








Hi-speed copper plating barrels 





MATERIALS AND COATINGS 


Precautions in Selection to Avoid Service Troubles 


A. W. ROGERS 


Meter Division, Westinghouse Electric & Mfg. Company: 


ESPITE the emphasis placed 

upon “machine design calcula- 

tions” in college textbooks and 
engineering courses, stress calculations 
usually play only7a minor part in most 
design problems in industry. Admitted- 
ly, in load-carrying members wherein 
weight must be held to a minimum 
stress and deflection calculations are 
highly important. But in many cases, 
it is permissible to increase weight and 
dimensions to compensate for lower 
physical properties of the proposed ma- 
terial. If only obvious physical proper- 
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ties are subjected to close analysis, 
trouble may ensue because stress and 
deflection are frequently overshadowed 
by other considerations such as produc- 
tion problems, effects produced by con- 
tact with or the proximity of other 
materials, surface and intergranular cor- 
rosion and similar factors. 

The present necessity of substituting 
another material for one that has be- 
come scarce or unobtainable, and the 
desire to speed production by the use 
of new methods and processes compels 
exhaustive studies by the engineering 


department to avoid misapplications and 
to provide against unfavorable condi- 
tions. Unfortunately there are no rules 
or formulas for the solution of such 
problems. A new manufacturing pro- 
cess may disintegrate a material even 
though the effect is not immediately 
visible; a new material may cause cor- 
rosion at its surfaces of contact with 
other certain materials; a material may 
be reasonably resisiant to corrosion 
when subjected to ordinary acceler- 
ated tests but will corrode rapidly i! 
the material is under stress; a certain 
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synthetic material may be perfectly sat- 
isfactory in itself but fumes emanating 
from it may corrode other materials in 
the machine or device. The following 
items are based on the experiences of 
the engineers of the meter division of 
the Westinghouse Electric & Manufac- 
turing Company in design of meters 
and instruments. These experiences are 
merely indicative of the vast range and 
complexity of the problems encountered 
in the selection of materials and the 
precautions that must be taken. 


Furnace Brazing 


Controlled atmosphere brazing is be- 
ing used more and more for assem- 
bling intricate shapes. When brazing 
steel parts a reducing atmosphere with 
hydrogen as the reducing agent is 
highly desirable in order that the oxide 
coatings on the steel will be reduced. 
But ordinary copper contains oxygen 
which immediately combines with the 
hydrogen in the brazing atmosphere to 
form water. Under the high tempera- 
ture in the brazing furnace, between 
1,300 and 1,800 deg. F., the water 
formed changes immediately to steam 
at extremely high pressure, a pressure 
sufficiently high to cause minute ex- 
plosions which literally burst the cop- 
per into granules. Of course this con- 
dition also exists when brazing copper 
pieces. Any assembly made of ordinary 
copper which is to be brazed in a hydro- 
gen atmosphere is likely to crack or 
break at extremely low stresses. For 
this reason it is important that oxygen- 
free copper be used for copper parts 
that are to be assembled by brazing. 


Which Brass to Use 


Brass is frequently used for parts ex- 
posed to the weather. Cover rims and 
other assemblies for meters to be used 
outdoors are examples. However, it 
is highly important that the right kind 
of a brass be used in such applications. 
Ordinary yellow brass is subject to sea- 
son cracking or intergranular corrosion. 
In metallurgical terms, any brass which 
contains both alpha and beta phases of 
copper and zinc is subject to inter- 
granular corrosion. That is, the zinc- 
rich or beta phase segregation forms 
corrosion cells which eventually cause 
disintegration of these parts. This inter- 
granular corrosion is more pronounced 
when the material is under stress. For 
this reason it is highly important to use 
a low brass or bronze when the part 
or assembly is to be exposed to the 
weather. In general, the meter divi- 
sion of the Westinghouse company has 
adopted the practice of using an out- 
door grade of brass with a typical 
analysis of 80 percent copper and 20 


August, 194] 


percent zinc for sheet and strip. For 
applications where good machining 
properties are highly desirable, a typi- 
cal analysis of 85 percent copper, 13.25 
percent zinc and 1.75 percent lead is 
used. For hardware where cold head- 
ing properties are needed, a typical 
analysis is 90 percent copper and 10 
percent zinc. 


Rust-Protective Coatings 


Whenever a new material or process 
becomes available and holds forth great 
promise for accomplishing certain de- 
sired results, it is invariably misapplied 
before its limitations are known. For 
example, cadmium plating for the pro- 
tection of steel and iron parts was con- 
sidered to have many points of su- 
periority over zinc. In spite of the fact 
that it costs more than zinc, its appli- 
cations became very extensive, even 
where zinc coatings were previously 
satisfactory. But cadmium is highly 
sensitive to organic acids produced by 
the aging or oxidation of most of the 
oils and resins commonly used in in- 
sulating varnishes for coil impregna- 
tion, tubing coating, and varnished 
tapes. These organic acids act more or 
less as catalysts in promoting the hy- 
drolysis or oxidation of cadmium plat- 
ing. It has been found even in indoor 
exposures where atmospheric conditions 
are relatively favorable that quantities 
of white or gray corrosion products are 
formed on the cadmium surface. Where 
cadmium plating is necessary this prob- 
lem can be solved by the proper choice 
of insulating materials. If the prob- 
lem cannot be solved in this manner the 
only solution is to eliminate cadmium 
plating and to use zinc or some other 
material in its place. 


Phenolic Resins 


Molded phenolic resins in combina- 
tion with various fillers such as wood 
flour, mica clay, cotton flock, and others 
are used almost universally in the elec- 
trical industry. Of course the specific 
resin selected must have the required 
strength, impact resistance and insula- 
tion properties. In addition, it is highly 
important that it have low shrinkage 
characteristics and a low volatile con- 
tent. By experience in instrument ap- 
plications, we have found it necessary to 
use a molded composition with ex- 
tremely low shrinkage characteristics 
and extremely low volatile content. In 
one of our materials we actually spe- 
cified the volatile content and the 
shrinkage allowable on exposure to 100 
hr. at 110 to 120 deg. C. Low volatile 
content can be obtained only by prop- 
erly curing the phenolic material. 
Fumes given off from improperly cured 


phenolic resin parts are in some in- 
stances highly corrosive and are likely 
to discolor white organic finishes. In 
fact, a common test in our engineering 
department for the stability of white 
lacquer is to expose finished pieces to 
the fumes of phenolic molding powder. 


Thermoplastic Resins 


Many of the new resins available 
have had a pronounced effect on design 
in the electrical industry. Thermo-plastic 
sheeting is used extensively for insulat- 
ing purposes, and thermo-plastic resins 
are used in formulations of insulat-, 
ing varnishes, treated cloth, insulating 
lacquers, extruded insulating tubing, 
and lacquer-coated tubing. In our ex- 
periences, there are three factors which 
determine the uses of these materials. 

(1) Aging characteristics must be; 
such that when exposed to temperatures 
common for class A insulation, the ma- 
terial has a reasonable life measured 
in terms of brittleness, strength and 
appearance. 

(2) Whenever a plasticizer is used in 
forming or compounding resin, its ap- 
plication should be considered careful-: 
ly, because prolonged exposure to heat 
and moisture will in most cases remove 
or drive off the plasticizers. This will 
have several bad effects, especially in 
closed apparatus. Volatile materials 
driven off from the plastics will con- 
dense on the cool surfaces of the de- 
vice or instrument, for example, the 
surfaces of the meter covers and in- 
strument bezels. The volatilization of 
the plasticizer also will cause -shrink- 
age of the plastic parts. This is usually 
highly destructive, particularly when the 
resin is being used in a structural 
member. 

(3) Aging or breakdown products 
of the resins in some cases may be 
highly active acids. For this reason, 
we favor the use of resins which do not 
have acid radicals. 


Organic Finishing 


Preparation of metal surfaces prior 
to either lacquering or japanning is as 
important as the protective coating it- 
self. For example, th» etching of 
aluminum die castings or fabricated 
sheet before finishing serves two pur- 
poses; it not only thoroughly cleans 
the surface, removing all grease, oils 
and foreign material, but it also pro- 
duces a rough surface which will give 
a large bonding area for the organic 
finish to be applied later. Shot blasting 
or sand blasting is also a common 
method for roughing and cleaning 
metal surfaces before finishing. Bond- 
erizing or Parkerizing of either steel or 
zinc also serves as a bond for organic 
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finishes. With reference to Bonderizing, 
it might be said that it will double the 


effectiveness of ordinary lacquers. 


Electroplating 


Some months ago we were faced with 
the problem of inclosing our watthour 
meter magnets with a good electrical 
conductor for surge protection. This 
conductor served to damp current 
peaks that occurred during lightning 
surges, thereby preventing demagneti- 
zation. After convassing several possi- 
bilities, it was decided that high-speed 
copper plating might produce a satis- 
factory product. After months of de- 
velopment, a process was developed for 
plating twenty thousandths of an inch 
of copper on a “C”-shaped magnet 
which has a narrow air gap. Conduc- 
tivities approach that of wrought con- 
ductors. The smooth surface, finished 
with an aluminum lacquer, has a pleas- 
ing appearance. 

Plating is done in a tumbling barrel. 
Many innovations in this method of 
plating were necessary in order to meet 
production requirements of several 
thousand units a day weighing about 
one-third pound each. In addition to 
the details of solution development, the 
correct proportion of slugs to a magnet 
load had to be determined and one pole 
tip of each magnet had to be masked. 
Masking was done successfully by plac- 
ing a close-fitting short section of tub- 
ing over the pole tip, using a special 
fixture. 

As a tubing material Neoprene 
proved very satisfactory, but it has been 
necessary to discontinue its use and to 
substitute rubber tubing in this na- 
tional emergency. The physical char- 
acteristics of the tubing have to be such 
that it can be stretched over the pole 
tip and at the same time stand up under 
the continual pounding of the sharp 
edges of the magnets and slugs. 


Galvanizing 


In applications where it is desirable 
to prevent steel from rusting, the use 


of zinc has been long established, par- 
ticularly for outdoor roofing. hardware, 
tanks, cans and such. In practically all 


cases the zinc is applied by hot dipping 
methods; in recent years electro-deposi- 
tion of zinc has become general. Several 
steel companies are now producing 
sheet which has been electro-galvanized. 

It has always been recognized by au- 
thorities that under certain conditions, 
zinc produces voluminous corrosion 
products. The protection of zinc on 
iron or steel is the result of preferen- 
tial corrosion, hence a much more 
rapid rate of corrosion can be expected 
when the zinc plate is porous. In normal 
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galvanizing applications, these volumin- 
ous corrosion products are of no con- 
cern because they are continually being 
washed away or otherwise removed 
from the surface of the metal. But in 
inclosed apparatus the corrosion prod- 
ucts remain on the metal surface. This 
is a serious problem in delicate appa- 
ratus particularly since small amounts 
of any foreign material in jewel bear- 
ings will be fatal in most cases. And 
even though the operation of the appa- 
ratus may not be impaired, the appear- 
ance of this so-called “white rust” is 
disturbing to a customer. A moist, 
humid atmosphere accompanied by 
relatively high temperatures, 100 to 
150 deg. F, is a condition conducive to 
such corrosion. Outdoor weather may 
aggravate this further because of cycles 
of condensation. Thus conditions of 
actual immersion and 100 percent 
humidity may exist inside a meter case 
in daily cycles. Proper ventilation and 
breathing holes help greatly in alle- 
viating the cause of this trouble. 

It is evident from the above that if 
the surface is properly passivated or 
made inert, it is possible to prevent the 
formation of white powder. Certain 
available commercial processes which 
do this serve as passivators. The Cro- 
nak process and the Bonderizing pro- 
cess are two examples of such processes 
in use at the present time. 

In most applications the Cronak 
process—essentially a chromic acid 
treatment—is effective in preventing the 
formation of white powder or corro- 
sion. It has not been used to any great 
extent as a preparatory finish before 
painting, lacquering or japanning for 
protection of electro-galvanizing. In 
our experiments, under some conditions 
of heat exposure the protection of the 
Cronak finish was destroyed. As long 
as there is sufficient water present, the 
finish is not destroyed. This has led 
to the supposition that if the water of 
crystallization is removed from the 
finish it is no longer effective. The tem- 
perature ranges used in the tests were 
within those limits common in the op- 
eration of meters and instruments. 


The formation of a phosphate coat- 
ing on the surface of zinc plating, 
Bonderizing, has been found effective 


in further increasing the protection of 
zinc and in preventing the formation 
of voluminous corrosion products. In 
addition, the crystal structure and ab- 
sorption characteristics of this surface 
make it an excellent bonding medium 
for any organic finish. It is not at all 
affected by temperatures normally found 
in metering apparatus. Under some test 
conditions, the corrosion protection is 
found to have been increased as much 
as ten fold. For instance, in a steam 
box test running at 140 deg. F. a zinc 


coat 0.0005 in. thick will last approxi- 
mately 72 hr. before rusting occurs 


on the base metal. This process should 
play an important part in the present 
national emergency as it may make pos- 
sible the substitution of steel castings 
or drawn parts for zinc or aluminum 
parts, particularly when these two 
metals are used primarily for corrosion 
resistance. 


Electrolysis 


In addition to the general corrosion 
caused by normal breakdown of a 
metallic surface, occasional troubles 
may occur from electrolysis caused by 
metallic contact of metals which are far 
apart in the electro-chemical series. 
In outdoor apparatus this may be par- 
ticularly troublesome if condensation is 
likely to occur or if water leaking into 
the case causes periodic immersion of 
metallic couples. For instance, cad- 
mium-plated steel screws in contact 
with tin-plated brass cause rapid cor- 
rosion of the cadmium under conditions 
of total or partial immersion. By using 
a dual plate of cadmium and tin with 
tin as the outer coating the electrolysis 
can be greatly reduced. In the same 
manner, by properly choosing a plating 
metal it is possible to eliminate seizing 
of screws caused by electrolytic corro- 
sion of two dissimilar metals. For in- 
stance, steel screws which are to be 
used in aluminum can be cadmium- 
plated and seizing practically elimi- 
nated. 

From the above case studies, it is 
apparent that before choosing a definite 


material or process, the design engineer 
should make tests based on actual serv- 
ice conditions so that the effect of op- 
erating factors on strength, corrosion 
resistance and part life may be deter- 
mined in advance. Thus many troubles 
can be anticipated and worked out be- 
fore actual production starts. This is 
particularly important today when many 
changes and substitutions must be made. 

In the Westinghouse plant our ex- 
posure tests are made on the roof 
which-is typical of an industrial atmo- 


sphere since the air contains a large 
percentage of sulphur fumes. These 
exposure tests are always supplemented 


by salt spray, steam box, sulphur di- 
oxide atmosphere, ultra-violet Fade- 
ometer, humidor and oven tests. In prac- 
tically all cases accelerated tests are 
carefully examined for their value in 
interpreting the results in terms of 
outdoor exposure. Only by experience 
end parallel tests in actual outdoor ex- 
posure can this be done with any de- 
gree of dependability. The value of 
any accelerated test depends on rela- 
tive conditions where a known material 
or product is used for a control. 
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Three molded Lustron parts are mounted on sheet steel panel with vibration resistant Speednuts in this Aeronca instrument 
board, molded by Atlantic Plastic and Die Cast Company and by Thermoplastic Division of Standard Products Company 


POLYSTYRENE PLASTIC 
Physical Properties and Typical Applications 


HORTAGES in certain metals, 
which are required in the defense 
program, have focused attention 

en plastics as alternate or replacement 
materials. Thus many engineers rede- 
signing aluminum parts such as interior 
doors on refrigerators, or die-cast zinc 
or brass housings have considered the 
possible use of plastics. Service condi- 
tions will dictate the type of plastic ma- 
terial and the method of molding, but 
the wide range of available materials 
makes any choice at best a difficult job. 

In choosing a material for injection 
molding, tendency to cold flow, dimen- 
sional instability, loss of strength at low 
or high temperatures, water absorption 
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characteristics and the like must be bal- 
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anced against factors such as ease of 
production, inherent finish, range of 
color and sales appeal. These materials 
may be cellulose acetate, cellulose ace- 
tate-butyrate or polystyrene. Also, each 
of these plastics may have one or two 
desirable properties which may affect 
choice profoundly—for instance, where 
high dielectric strengths are required 
polystyrene is almost always used. 
Dimensional changes on aging occur 
to a certain extent with all plastics, but 
to a lesser degree when the materials 
are unplasticized and have little or no 
water absorption. Cellulose acetate has 
plasticizers added to improve flow in 
the molding operation: after molding, 
the plasticizers leave the part and di- 


mensional changes may occur. Polysty- 
rene, on the other hand, is plasticized by 
the action of heat alone; no extra plasti- 
cizers are used. As a result, dimen- 
sional changes on aging are slight. 
Mold shrinkage of polystyrene is of 
the order of 0.002 to 0.008 in. per inch. 

The other factor that affects dimen- 
sional stability is the amount of water 
absorption. High humidity conditions 
affect molding properties and may cause 
swelling of parts in service. Based on 
24-hr. tests, polystyrene absorbs only a 
small percentage of water—0.00 to 0.03 
percent. As an example, polystyrene is 
used for the five molded parts on a 
therapeutic device in contact with hot 
water. These parts are friction fits and 
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Properties of Polystyrene 








Compression molding temperature, deg. F........... 275-350 Softening point, deg. F.................. сае гга ТОВЧОО 
Compression molding pressure, lb. per sq. in . 1,000-5,000 Distortion under heat, deg. F. (A. S. T. M)......... 170-180 
Injection molding temperature, deg. EF. 300-500 ЖАЛАЛИ DNE NEL. LLL LM essor e RR у» Slight 
Injection molding pressure, lb. рег sq. in. . . . 10,000 and up Volume resistivity, ohm-cms. (50 per cent R. H. and 
Compression ratio......... 222, PES eid но дъ жент M . 10-10" 
Mold shrinkage, in. per in. Compression 0.002-0.005 Dielectric strength, short time volts per mil 14 
Mold shrinkage, in. per in Injection 0.002-0.008 thickness........ Pp 500-700 
Specific gravity. . 1.051-1.070 Dielectric constant, 60 cycles. . 2.5-2.6 
Specific volume, cu. in. per Ib 26.3-25.9 Dielectric constant, 10° cycles. . . 2.5-2.6 
Refractive index... 1.59 Dielectric constant, 10° cycles. .. 2.5-2.6 
Tensile strength, lb. per sq- in... 5,000-9,000 Power factor, 60 cycles..... F 0 0001 -0. 0002 
Elongation, percent.... TT Power factor, 10? cycles..... d 0. 0001-0. 0002 
Modulus of elasticity, in tension Ib. per sq. in.... 1.7-2.6 x 10° Power factor, 10° cycles.......... 0. 0001-9. 0001 
Compressive strength, lb. per sq. in. . 11,500-13,500 Water absorption, immersion 24 hr... .......... 0.00 
Flexural strength, lb. per sq. in... 14, 000-19, 000 Burning rate........ ... Moderate 
Impact strength, ft. lb. per in. of notch 14 x 15 in. П ы а ло Slight 
notched bar, Izod Test....... 0.35-0.50 БООСОН... асн Yellows slightly 
Brinell hardness (2.5 mm. ball, 25 Мм. load) wes ... 20-30 Effect of weak acids and strong acids..... кеке м. АИИ 
Rockwell hardness... . Mese M87-M90 Effect of weak alkalis and strong alkalis........... ... None 
Light transmission. ....... AG . $8-90 percent Effect of organic solvents...... Soluble in aromatic 
Thermal conductivity 10 С 'al. per sec. per sq. cm. per and chlorinated 
DE I BEN, i or IET ro bj : 9 hydrocarbons 
Specific heat, cal. per deg. C. per gram. T Machining qualities. . . . РРР Fair 
Thermal expansion, per rm ee « езйнде. | e ss x - Color possibilities... . . Unlimited 
Resistance to heat, deg. F. (continuous).............. - Effect on metal inserts............. АЛ ... None 
OPTICAL PROPERTIES — Light transmission is 88-90 percent, in percent. An interesting property is internal reflection. Parts 
the visible region (4,000 deg. A-7,000 deg. A). Because of high carry light which glows only at edges or at points where the 
refractive index (1.59), the theoretical transmission is only 92 surface is roughened. 
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Figs. l. and 2.—Tensile strength and elongation determined simultaneously over a range of temperatures with injection-molded 

dumbbell-shaped test specimens of !4 in. x !4 in. cross-section on a screw type tensile strength testing machine. Figs. 3 and 4 

Flexural strength and deflection at various temperatures as determined by tests on a 2 x ід х \4 in. test specimen. Fig. 5—S 
increase with molecular weight. Fig. 6—Rossi-Peakes flow values showing flow decrease with increase in molecular weight 
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Injection moldings of Lustron for 1941 refrigerators. Center molding is one 


have not loosened or warped in service. 

The upper limit of temperature for 
polystyrene parts is about 170 deg. F.. 
as compared with an upper limit of 


150 deg. F. for cellulose acetate parts. 


In this connection. this relatively low 


upper limit of temperature to a certain 
extent limits industrial applications of 
injection molded parts. 

Üne interesting characteristic of poly- 
Styrene is the fact that strength of the 


August, 1941 


material increases at low temperatures. 
At 140 deg. F. polystyrene has a tensile 
strength of 5.000 Ib. per sq. in.; at —4 
deg. F. tensile strength is 8.000 lb. per 
sq. in. This behavior, coupled with the 
material’s low moisture absorption and 
good dimensional stability, has led to its 
widespread adoption for refrigerator in- 
terior parts such as insulating frames, 
freezing unit doors, drip traps and food 
bins. These parts are exposed to food 


of the largest ever produced 


acids, cleansing agents, variations in 
humidity and low temperatures. 

High electrical properties are char- 
acteristic of certain compression mold- 
ing materials, notably urea formalde- 
hyde and mica-filled phenolics. Of the 
injection molded materials, polystyrene 
alone has high electrical strength. Thus 
it is widely used for coil forms, stand- 
off insulators, sockets, high-frequency 
lead-ins and co-axial cable spacers in 
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Small injection moldings of Lustron for small storage batteries, electrical parts and consumer products 





a reaction which 


links the individual molecules 


Polystyrene, known to chemists for over a hun- 
dred years, is made by a series of reactions from 
two organic compounds, benzene and ethylene. 
These are combined to form ethyl benzene and 
then subjected to a cracking operation under high 
heat and pressure to remove hydrogen from the 
molecule. The product of this reaction is styrene 
monomer, a clear water-white liquid. Polystyrene 
is derived from this material by polymerization, 


of styrene in long chains, converting the liquid 
to a hard tough, transparent resin. Colored mold- 
ing materials are made by working dyestuffs or 
pigments into the clear transparent material on 
heated rolls which knead the plastic and disperse 
the color. After rolling, the material is removed 
in rough, uneven sheets which are allowed to cool 
and harden, then ground to a molding powder. 





which the polystyrene is molded in the 
form of beads strung on a central con- 
necting wire, the beads providing flexi- 
bility and also centering the cable from 
the side walls. As an example of elec- 
trical insulation properties, if the loss 
factor (power absorbed by insulation at 
60 cycles), of polystyrene is rated as 
one, that of low-loss phenolic is 458. 
urea 740 and general-purpose phenolic 
10.000. Loss factor becomes more im- 
portant as frequency increases. For 
short-wave equipment, specifications re- 
quire that when the insulating material 
is placed in a 30-million-cycle field, the 
temperature of the part shall not rise 
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more than 10 deg. F. above ambient. 
Of all the plastic materials, only poly- 
styrene can meet this requirement. So 
far as resistivity is concerned, the ratio 
of polystyrene to phenolic low-loss is 
1.000 to 1, that of polystyrene to general 
purpose phenolic 10.000 to 9. See P.E. 
Dec. 1938, page 464. for further data 
comparing electrical properties of the 
various plastics. 

In so far as weight per unit volume is 
concerned, this material is 17 to 25 
percent lighter than other thermoplas- 
tics. Thus more parts per pound can be 
molded, and on a poundage basis. the 
material may be in some cases the lowest 


priced of all injection molded plastics. 

Whenever possible, it is good practice 
to design polystyrene parts so that only 
a minimum of machining will be re- 
quired. Machining characteristics are 
only fair, as the material tends to gum 
up under the tool. If tapped holes are 
required, it may be best design to incor- 
porate inserts in the molded part. How- 
ever, when machining must be done, 
cold water is the best coolant. 


Kodachromes and research data for 
this article were supplied through the 


courtesy of the Plastics Division, Mon- 


santo Chemical Company. 
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CRANK MECHANISM MOTIONS 


New Methods for Their Exact Determination — III 


P.E.) the approximate and exact 

forms of the principal equations of 
the crank-connecting rod mechanism 
were discussed and illustrated. Part II 
(July P.E.) presented new exact meth- 
ods for computing crank-connecting rod- 
piston relationships which are simpler 
than approximate equations in common 
use. New graphical methods were in- 
troduced. 

In this article the detailed character- 
istics of crank-connecting rod motions 
are described and illustrated graphic- 
ally, particularly to show the effect of 
variation of the connecting rod ratio 
and the error of some special approxi- 
mate equations. An exact solution for 
maximum piston velocity, simple enough 
for practical computation, is presented 
for the first time. 

Since several references are made to 
tables and illustrations in Parts I and 
IL, it will be convenient to have the 
June and July P.E. at hand while fol- 
lowing Part III. 


r THE FIRST of four articles (June 


Maximum of Piston Velocity 


The determination of maximum piston 
velocity must be preceded by the design 
of the corresponding mechanism’s posi- 
tion. Actually, the maximum value of 
velocity Cmaz. is often less important than 
the abscissa x* of the vertex S* of the 
velocity curve. Since x* locates at the 
same time the zero point Q* of the 
acceleration curve, as in Fig. 1, the 
knowledge of x* permits drawing the 
simplified and more dependable accel- 
eration graph shown in Fig. 20. 

There have been continued efforts 
(Ref. 3, Part I) to find exact methods 
of computing this maximum, but in none 
of the earlier publications could general 
equations be expressed simply enough 
to be evaluated in practical numerical 
computations. Therefore, the following 
computing method is the first simple and 
exact solution for maximum velocity. 


Exact Computing Method of cz.: 
Maximum velocity occurs when 


dc 
e € "di = 0 
When Equation (17) equals zero: 
а = w(t — Re sin® y) (17) 
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Equation (17) can be converted to: 


X aa mE 
cos -5 cos? g“ 8 (24) 
A simple solution of this cubic equa- 
tion is possible by introducing an auxili- 
ary angle ¢, as Equations (25) and 
(26) of Table VIII show. 


After having determined ¥* by Equa- 





tion (24), all other required com- 


puting values can be easily found by 
putting the numerical values of ¥* into 
the corresponding general equations of 
Table VI. Even simpler is the use of 


the new special Equations (27) to (31) 
of Table VIII. The following example 


illustrates the above. 


PROBLEM 5: 


Using the crank mechanism of Prob- 
bm i(d = @2) 2,12 078.0 = 
314.16 rad./sec., f = 0.66776 ft.) the 
piston’s position and velocity are to be 
computed for a maximum of the latter. 

r 0.21 
Moy m SU 0.3 
(Continued on next page) 


Ratio: 


Fig. 20 
Curve of Acceleration 
With Points of Inflection 





Fig. 20—Acceleration curve shows the real point of inflection W, while W. is located 
on the dotted part of the curve outside the stroke. Occurrence of these points depends 
on the ratio ` = r/l. Location of Q», Q», and Qis and tangents at these points is the 
same as shown in Fig. 4. Location of W, can be found without using the crank center 


M by making i — г (1.51 ^, — 1)/^ 
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Table VIII—Exact Equations for the Maximum Velocity 


Only the sign indicated before the root should be employed. See Fig. 21 for mechanism’s 
special position, designated by a star at the symbols. For significance of V see Fig. 11. ¢ is 
an auxiliary angle (not shown in figure) only introduced for simplification of this special 
computation. 





DENOTATION EQUATION 








Auxiliary Angle............ 








ТАма......... 





е: * * 
Position | Connecting Rod.| 8* eos 8* = 2. sin — - — 1.4142 sin t (28) 
of 2 9 
; * ees. c т 
: sin cos 
Crank а* віпа* = > £ = л + (29) 
Piston’s Maximum Velocity . |¢ma:. Cues. = E* w. tan 8° | (30) 
(31) 


| = +1.w(1+ cos ¥*) Vcos y* 


г Crank 
|. circle 
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Fig. 21—Graphical analysis for maximum piston velocity c». 
occurs when the vector MN of acceleration in Fig. 1 shrinks to zero (a — о). 
computation of Cmaz. is given in Table VIII 


Fig. 22—The error in the common assumption that cmaz. occurs in the tangential posi- 
tion is apparent by comparing the above diagram with Fig. 21. This evident difference 
does not mean that c, cannot be used as a fair substitute for Cmaz. For error of this 
approximation see error curves, Figs. 28-30 


Fig. 23—To determine the position for maximum piston velocity, find the point 0 
on the fixed-point circle as shown and trisect the arc 0 — 3. Start at point 2 to locate 
the positions of piston and crank 
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| 
Auxiliary angle: cos ¢ = on 1.5(1 — 0.3?) 
4 


= —0.87625; = 151° 11’ 35” 
Angle of Ray to Fixed Point: 


E BET. 
cos “5 - усо = 


1.1547 . cos 50° 23’ 52” = 0.73607 


y* 
cotan z = 1.0874 


| 


»* о ‚ а”. 
gp 42? 36' 8"; 
y* 85? 12' 16"; 
Position of Piston: 

* 
£* — f . cotan 5 = 0.66776 x 1.0874 


0.7261 ft. 
r--1— £* — 021 -- 0.7 — 07261 
— 0.1839 ft. 


Maximum Velocity of, Piston 
Cmax. = 1. w. (1 + cos *) . Vecos y* 
= 0.7 X 314.16 x. 1.08360: x 0.08360 
— 68.90 ft. /sec. 


eos V* — 0.08360 


z* 


Graphical Determination of c,...: 


А graph for determining all needed 
values of c,,,. based on the new exact 
equations, is shown in Fig. 23. The 
approximate construction, Fig. 22, will 
be discussed in the next section. Still 
simpler is the nomograph, Fig. 24, which 
provides all needed values a*, x*, and 
Cmar. With sufficient accuracy. 

The curves, Figs. 25 to 27, show in a 
wider range the influence of the ratio A 
on the coordinated angles, piston dis- 
placement, and velocity. 


Approximate Formulas for ¢,,.:: 

The previous lack of an easily usable 
exact formula has caused the develop- 
ment of approximate formulas. Since 
some of them are in common use and 
yield results quicker than the exact 
equations of Table VIII, their worth and 
suitability are tested here by means of 
error curves. 


1. Formulas of the T-Position: 

In various publications the “tangen- 
tial position” (T-position) of the con- 
necting rod to the crank circle, as shown 
in Fig. 22, is considered to be the posi- 
tion of maximum piston velocity. The 
error in this assumption can be seen by 
comparison with Fig. 21. 

Therefore, when replacing equations 
of the c,,,-position by those of the 
T-position, they must be characterized 
as approximate equations and written: 


cotan a* ~v cotan ar = tan Br = А (А7) 
awar =r +1 — Vr + (A8) 
Стог. ~“ CT FT. W. V1 d № (А9) 


2. Formulas Derived from the Ap- 


proximate Principal Equations 
If in Equation (A4): 
а = то? (cosa + ^ cos 2a) = 0, 
У1+8%—1 
4^ 


This equation may be used with the 


then: cosa* = (А10) 
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Piston's Greatest Velocitu, Cmax. 





Connecting Rod's Ratio, ^ 






Fig. 24—Maximum piston velocity and the coordinated position 
) | of the mechanism may be determined by this nomograph. For 
example when ХМ = 0.27, find cmaz = 1,0355v as the ordinate of 
the curve. The crank angle a* — 75.7 deg. and piston displace- 
ment of 44.2 percent are indicated by graduations on the curve 
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Fig. 25—Effect of connecting rod ratio X at maximum piston 
velocity on the crank and connecting rod angles and on v* is 
shown. Minimum a* (63.435 deg.) occurs when 8* = 45 deg. 
and ¥* = 60 deg. 


Fig. 26—Effect of \ at Cmaz. on coordinated piston displacement 
is shown. Comparison is made to the displacement of the 
T-position, whose use as a substitute was described in Fig. 22 


Fig. 27—Maximum values of piston velocity Cmaz. as affected by 
A. The piston velocity is shown as multiple of the crankpin's 
velocity v — ro 


Fig. 28—Errors of crank displacement a* resulting from use 
of approximate Equations (A7), (A10) and (A413). In the 
usual range of X (X — 0 to 0.35) the new Equation (A13) 
shows the smallest errors 


Fig. 29—Errors of piston displacement x* when using Equa- 
tions (48), (A411) and (A14). The new Equation (414) 
gives the closest approximation 


Fig. 30—Errors of maximum velocity cmos. when using Equa- 
tions (A9) and (A12). In the most common range, X — 0 to 
0.35, the simple Equation (49) of the T-position gives a good 
approximation 
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Fig. 31—Effect of ХМ оп соз ¥** at maximum negative piston 
acceleration is shown, corresponding to Equation (32). For 
\ = 0 to 0.26376 (dotted part of curve) the vertex S** of the 
acceleration-displacement curve is outside the stroke, as will 
be shown at ^ — 0.2 in Fig. 40, Part IV ; even then S** may 
be used to ascertain the shape of the latter curve 


Fig. 32—Effect of М оп the crank position a** for maximum 
negative acceleration is shown 
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other approximate principal equations 
(from Table II) in the following form: 


z = [a — cosa*) + 3 sara | (A11) 


Cuas = Т. 0 [= a* + > sin us | (A12) 

x*, computed according to (All) 
and (A10) is the abscissa to the zero 
ordinate of the Radinger parabola, Figs. 


3 and 5. 
3. New Formulas and Comparison: 


The errors of the approximate princi- 
pal equation (A10) are smaller than 
those of Equation (A7) for T-Position, 
so that (A10) may be satisfactory for 
many practical applications. Equation 
(A10) can be improved by adding 8?* 
under the root, which gives: 


М1 + 8А + 8 – 1 


4X (A13) 


cos a* = 

In the usual range (A = 0 to 0.35) 
the approximation of Formula (A13) is 
excellent. The error of a* is nowhere 
greater than 0.12 percent of the true 
value, as shown by Fig. 28. 

Principal equation (All), too, is 
more accurate than the corresponding 
equation (A8) of the T-position, as indi- 
cated in Fig. 29. But the author's new 
equation : 

z* — r[0.85 -- (04 — 0.83)] — (A14) 
is not only much simpler, but also more 
accurate than (All). In the most fre- 


quently used range (A = 0.2 to 0.35) 


the greatest error is smaller than 0.09 
percent of the true value of x*. The 


error curves of Fig. 29, too, show the 
superiority of this formula. 

While those T-position formulas in- 
volving the position of the mechanism 
proved inferior to the approximate prin- 
cipal equations, the contrary is true for 
the T-position formula (A9) for ve- 
locity, as shown by the error curves of 
Fig. 30. Within the above-mentioned 
range the accuracy of the simple 
formula (A9) is satisfactory. 

Summarizing, the approximate formu- 
las (A9) and (A14) are recommended 
particularly for practical use. 


Maxima and Minima of Acceler- 
atiom: are characterized by the ex- 
pression: 

даб ё. йо 

d^ dz d ^d 
with three solutions: 

c — 0 (Two dead centers) 


and аа = 0 (Maximum negative acceleration) 


Since а is the slope of the acceleration 
T 


^ 


curve (tan 6 in Fig. 1), this separation 
explains why the dead center vertices of 
the acceleration curve of Fig. 2 do not 
represent themselves as vertices (with 
horizontal tangents) in the correspond- 
ing points Q» and Qs of the acceleration 
curve of Fig. 1. 

The dead center accelerations a, and 
а,» сап be easily computed by equations 


shown in Table VII. 


Maximum Negative Acceleration 


Exact Computation: The third apex 
S** in Fig. 2 corresponds to the vertex 


Fig. 33—Effect of ^ on piston displacement at maximum nega- 
tive acceleration is shown. The dashed curve gives the piston 


displacement which belongs to the negative maximum of 
Radinger's Parabola (see Figs. 3 and 5). Its deviation between 
А = 0.25 and 0.26376 is not noticed in the error curves of 


Figs. 36-38 


Fig. 34—Effect of ^ on maximum acceleration a**. In the 
range ^ — 0 to 0.26376 where no vertex occurs, the dead center 


acceleration a: (dashed-dotted line) is the greatest negative 
acceleration. The (—a) line shows greater values of acceler- 


ation than the a** curve in most of the range 


Fig. 35 —Errors of cos V** when using Equation (A415) for 
maximum negative acceleration. I is an “isolated point” of the 
error curve 


Fig. 36—Errors of 4** when using Equation (A16) and (A19). 
The dotted curves in Figs. 36-38 show the errors occurring 
when the vertex of the Radinger Parabola is used instead of 
true maximum negative acceleration. The error curves of the 
new equations (solid lines) show much closer approximation 


Fig. 31—Errors of x** when using Equations (417) and (A20) 


Fig. 38—Errors of a** when using Equations (A418) and (A21) 
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S** in Fig. 1. Therefore, by making 
1а = 0 іп Equation (23), the equation 


becomes: 


cos! /** — cos*y** — cos*y** + cos y** 
l1- X 
3 

Unfortunately, a simple general solu- 
tion of this exact equation cannot be 
given when the ratio A is a constant as 
in all practical cases. This makes neces- 
sary the development of approximate 
equations for practical use. These are 
discussed in the next section. 

On the other hand, Equation (32) 
enables the computation of X. if X is 
not constant, and if ¥** is the independ- 
ent variable. Having ¥**, it is easy to 
compute a**, x**. and a** by using the 
exact principal equations in Table VI. 
In this way the curves of Figs. 31 to 34 
were plotted. They show the influence 
of X and reveal the basic facts estab- 
lished by analysis of the vertex S**, the 
most important of which are: 

l. The value A — 0.26376 is a limit- 
ing value. At smaller values there can 
never be a second minimum of accelera- 
tion in addition to as. 

2. For 4 «0.26376 the apex S** of 
the acceleration curve (Fig. 2) disap- 
pears entirely. 

3. For X «0.26376 (dotted range in 
Fig. 31) the apex S** of the accelera- 
tion curve of Fig. 1 is located on an 
extension of the acceleration curve. as 
will be shown by the dotted curve О. 
....5** (at A = 0.2) in Fig. 40 of Part 


IV. Such extension can be worthwhile 


for an exact construction of the non-ex- 
tended part of the curve. but the ex- 
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tended part would not mean the exist- 
ence of any pistion motion within this 
extension. 

4. At } = 0.26376 the vertex S** 
enters the unextended acceleration line 
at the crank end dead center Qis, as 
will be shown in Fig. 40. The growth of 
maximum piston acceleration a** with 
increasing à — values may be studied 
in Fig. 34 as well as in Fig. 40. 

5. For } > 0.88 the acceleration a** 
becomes greater than the head end dead 
center acceleration, a, which is usually 
computed as the greatest acceleration 
(important in computing strength). 
For still greater X values, a** grows 
rapidly, as shown in Fig. 34, until for 
2 = 1, a** becomes infinite. 


The exact values derived by the 
above-described computation of the 
curves made possible a check of the 
results of the approximate formulas. 


Approximate Formulas: 
1. Approximate Solution of Equation 


On the basis of the exact curves for 
cos ¥**, Fig. 31, the following approxi- 
mation is suggested: 
cosy** = A(1+ B. d**) . cos (A. 90°) 

(А15) 
wherein the constants are 


A = —0.28246 and B = 0.37717. 


The error curve, Fig. 35, for this 
equation shows a close approximation in 
the commonly used range between à = 
0 and à = 0.32 where the deviation is 
smaller than 0.06 percent of the true 
value. 

After cos y** is obtained from Equa- 
tion (A15) this value must be put into 
the exact main equations in Table VI 
in order to find a**, x**, and a**. 
Hence, Equation (A15) is less conven- 
ient than the direct approximate formu- 
las to follow. 

The advantage of Equation (A15), 
however, is the possibility that it can be 
applied in a much greater range than 
that usually needed. 


2. Formulas Based on the Approxi- 
mate Principal Equations: 


‚ da 
When di 


tion (A5): 


= 0 in approximate Equa- 


(A16) 


—1 

** = 
cosa 4X 
When this value is introduced into 


the approximate principal equations of 
Table II, they become: 


r ( + < + sx) (A17) 


„ай o + a) (A18) 
Equations (A17) and (A18) give the 


ordinates of the minimum vertex of the 
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r 


Radinger parabola shown in Figs. 3 
and 5. 

The dotted lines in the error curves, 
Figs. 36-38, show the errors of Equa- 
tions (A16) to (A18). While the devia- 
tions of x** and a** may be permissible 
for many practical cases in the usual 
range (A = 0.26376-0.33), the devia- 
tions of cos a** are too great. 


3. Approximations Derived from 


Exact Curves: 

For greater accuracy the approximate 
Equations (A19-21), put together in 
Table IX, are given for the first time. 
Their error curves, drawn with solid 
lines in Figs. 36-38, show the superior- 
ity of these equations to Equations 
(A16-18). drawn with dotted lines. 


Points of Inflection of 
Acceleration Curve 


Unlike locating vertex S**, the points 
of inflection of the acceleration curve 
can be located easily. The knowledge 
that their displacements w, and w: are 
constant multiples (given in Table X) 
of the fixed value f, comes from Vaes, 
whose work is referred to in Part II. 





From the equations for computing £, 
and £y, the surprisingly simple fact that 
the angles j'y, and yy, of the fixed points 
are constant and independent of A can 
be shown. This leads to the other simple 
expressions of Table X. 

The location of the points of inflec- 
tion determines the form of the curve 
These points may be found either o: 
the real acceleration curve in Fig. 20 
or on one of its extensions, outside of 
the piston stroke (dotted lines). The 
latter cannot correspond to any real 
position of the mechanism. Conse- 
quently, by “occurrence” of points of 
inflection only those points occurring 
within the “real curve” are meant. 

The analysis of the range of occur- 
rence of points of inflection in Table X 
is of utmost importance. It shows that 
there is never a point of inflection in the 
usual range of A. The acceleration 
curve, therefore, is concave downward 
in all practical cases. 

For greater values of À it is interest- 
ing to follow the varying location of W, 
and W. with increasing A, as will be 
shown in Table XI and in Fig. 40 of 
Part IV. 


Table IX—Close Approximate Equations for Maximum Negative 
Acceleration 


(See vertex S** in Fig. 20; for deviations see error curves Figs. 36-38) 
In Equation (A19) use the positive sign of root only. 





Position of Crank 


Position of Piston 





CONSTANTS 


A B 


— 1.4818 | 2.1398 





0.21429 | 0.21875 





0.69529 | 0.35720 





Table X—Points of Inflection of the Acceleration Curve 
(See Fig. 20. Also Fig. 40 and Table XII in Part IV) 
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HYDRAULIC CIRCUITS-1 


Selection of Controls for Typical Systems 


P. N. OBERHOLTZER 


Development Engineering Department, American Engineering Company 


NGINEERS customarily use the 

terms "hydraulic circuits" and 

“hydraulic pressure” when dis- 
cussing machines that are operated 
either by oil or water for the pressure 
medium. This lack of definiteness as to 
the character of the medium sometimes 
leads to mistaken conceptions concern- 
ing the utility of the two fluids. 

Even advertisements and trade litera- 
ture frequently do not specifically state 
that the equipment may be suitable 
only for use with oil. It is not surprising, 
therefore, that inquiries are occasion- 
ally made as to whether certain equip- 
ment designed to operate with oil could 
be operated with water. Possibly this 
confusion could be eliminated by em- 
ploying a more descriptive or accurate 
word to designate power developed by 
oil. Why not coin a new word, such 
as “Oildraulic,” to describe more ex- 
actly the equipment designed solely 
for oil as the fluid medium? 

Many machines, of course, may be 
operated with either water or oil for 
the pressure and displacement medium; 
but at the present time, a major portion 
of the equipment being built utilizes oil; 
water being used in special or a few 
isolated installations. 

Systems using water have certain 
advantages. Where large volumes of the 
fluid medium are required the cost of 
oil may be prohibitive. Water, having 
a constant viscosity, is not affected to 
the extent that oil is by change in 
temperature. 

Since most hydraulic pumps designed 
for water have a constant displacement, 
also since the presses in the system 
usually require large volumes of water 
under pressure only for short time inter- 
vals, accumulators are often included 
in the system as reservoirs to hold a 
quantity of water under pressure until 
needed by the presses. With this ar- 
rangement a pump can be installed 
which has a displacement capacity per 
minute approximately equal to the 
cross-sectional area of the press ram 
multiplied by the stroke of the press 
divided by the time interval in minutes 
between the press strokes. Without an 
accumulator, of course, the pump must 
have a volume displacement rate equal 
to the volume displacement rate of the 
press; in this arrangement the pump is 
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usually of a much larger size than would 
be required if an accumulator was 
installed in the circuit. 

The fluid pressure in the system can- 
not be readily varied, since the unit 
pressure is governed by the amount of 
weights or ballast on the accumulator's 
piston and the cross-sectional area of 
the piston. Consequently, the system 
operates at a maximum pressure deter- 
mined by the accumulator; not by the 
resistance developed by the press opera- 
tion which may be of a variable magni- 
tude. While the accumulator is being 
filled the pump operates at a constant 
horsepower output. 

During the work periods of the press, 
the falling velocity of the accumulator 
ram and weights is inversely propor- 
tional to the area of the accumulator 
piston and directly proportional to the 
area and velocity of the press ram. 
High press speeds, therefore, involve 
rapidly falling accumulators which 
when suddenly stopped by closure of 
the press results in shock to the pump, 
valves and piping in the system. To 
eliminate the surges of pressure, caused 
by the falling accumulator ballast com- 
ing to rest, shock absorbers must be 
used in the hydraulic system. 

Since the introduction of the variable 
stroke radial piston pump in the United 
States in 1920, the use of oil as a fluid 
medium has grown rapidly because 
this type of pump was capable of 
supplying at high uniform pressures 
variable quantities of fluid as required 
by press or machine operations. So that 
at the present time, oildraulic machinery 
has largely replaced hydraulic ma- 
chinery, except in special installations 
where fluid pressures greater than 3,000 
lb. per sq. in. are required. 

Oildraulic circuits have a further ad- 
vantage in that they can be applied to 
practically all types of machines, re- 
gardless of the size or speed required. 
With the proper selection of pumping 
units, pressures as high as 3.000 lb. 
per sq. in, can be obtained. There may 
be certain installations where accumu- 
lators prove to be economically feasible 
in oildraulic circuits; but, if used, pro- 
vision must still be made to reduce the 
shocks as much as possible. 

In selecting controls for oildraulic 
circuits the designer must first decide 


on the type and capacity of pumping 
equipment to use. This is predicated on 
the tonnage required or the unit pres- 
sure, and the number of cycles in a 
given time period or pressing speed 
required for an operation. 

Secondly, he must determine whether 
he will require continuous application 
of pressure, instantaneous application 
of maximum pressure, or gradual 
build-up of pressure. 

Pumps for oildraulic service may be 
divided into two general types; con- 
stant displacement, and variable dis- 
placement. 

There are two types of constant-dis- 
placement pumps; gear and vane. Some 
sizes in both types may be used for 
pressures up to 1,000 lb. per sq. in. 
Gear pumps may be obtained having 
capacities as high as 200 g.p.m. at pres- 
sures up to 300 lb. per sq. in. Usually, 
however, the capacities are limited to 
approximately 25 g.p.m. with pressures 
up to 500 lb. per sq. in. Vane type 
pumps are built in capacities up to 35 
g.p.m. for pressures as high as 1,000 
lb. per sq. in. Practically all low- 
pressure machine tool applications use 
gear or vane pumps. 

There are three general types of 


variable-displacement pumps; vane, 
axial piston, and radial piston. 
Variable-displacement vane type 


pumps are furnished only in capacities 
up to 25 g.p.m. operating at pressures 
up to 1,000 lb. per sq. in. maximum. 

Axial piston pumps are suitable for 
use at pressures up to 1,500 lb. per 
sq. in, where exceptionally large 
capacities are required. They are used 
principally as transmissions; sizes up 
to 300 hp. may be obtained. 

Radial piston pumps may be used 
for constant or variable-displacement 
service. They can be obtained with ca- 
pacities up to 250 g.p.m. at pressures 
up to 3.000 lb. per sq.in. Radial piston 
pumps are used for all types of presses 
and machine tools. Their special value 
lies in their ability to provide variable 
discharge. 

The simplest oildraulic circuit util- 
izes a single-acting ram which may be 
either the spring return or gravity re- 
turn type. Single-acting rams using 
constant-displacement pumps require 
an operating valve and a relief valve as 
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shown in Fig. 1. In Fig. 1(A4) a 3-way 
piston valve is indicated for the oper- 
ating valve, however, as shown in Fig. 
1(B) a by-pass valve could be used 
here instead. The ram can be operated 
by moving the spindle in the piston 
type valve, or by closing the by-pass 
valve if used. With a by-pass valve the 
speed of ram movement can be con- 
trolled by adjusting or regulating the 
amount of valve opening, the pressure 
created depending upon the resistance 
offered to the movement of the ram. The 
oil is by-passed under pressure, of 
course, and represents a loss in power 
which causes heating of the oil. 

With this type of circuit, the electric 
motor must be large enough to carry 
the full capacity of the pump. Any ram 
speed less than that obtained by utiliz- 
ing the full capacity of the pump will 
result in a loss of power. This loss of 
power is equal to the difference between 
the horsepower output of the pump and 
the horsepower delivered to the ram. 
Thus, if a 25 g.p.m. gear pump is used 
to supply oil to a 10 in. dia. ram, the 
ram speed would be approximately 7.3 
in. per min. when the by-pass valve is 
completely closed. If the ram was re- 
quired to move at say, 3 in. per min. 
the oil required by the ram would be 
10.3 g.p.m. making it necessary to by- 
pass 25 — 10.3 or 14.7 g.p.m. This 14.7 
g.p.m. at a pressure of 500 lb. per 
sq.in., therefore, represents a loss in 
mechanical energy of approximately 
4.3 hp. Since 1 hp. is equal to 2,545 
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b.t.u. per hr., 4.3 hp. would be equiva- 
lent to a heat loss of approximately 
183 b.t.u. per min. which is dissipated 
in raising the temperature of the oil. 

If a variable-discharge pump was 
used, the pump could be adjusted to 
provide just the right amount of dis- 
charge to give the speed required and 
the loss in power with resultant heating 
of the oil would be eliminated. 

When a single-acting ram is oper- 
ated by a variable-displacement revers- 
ible pump, as shown in Fig. 2, neither 
a 3-way nor a by-pass valve is required, 
however, a relief valve should be in- 
cluded in the circuit to prevent over- 
loading. When the ram is to be returned 
to its starting position, the pump dis- 
charge is reversed and the oil is sucked 
out of the ram cylinder. Of course, 
when the ram bottoms no more oil 
should be drawn from the cylinder to 
supply the pump with its suction. It is 
necessary, therefore, to provide a by- 
pass line and check valve connecting 
the pump suction and discharge, so 
that when the ram is bottomed the oil 
supply continues to by-pass through the 
pump without causing any damage be- 
cause of poor lubrication. 

Double-acting rams are used in prac- 
tically all machine tool and many press 
applications. When used with constant- 
displacement pumps, as shown in Fig. 
3, a 4-way operating valve is required. 
If the ram is vertically acting, either 
a foot valve or a back pressure speed 
control valve should be installed to 


-—-- By-pass 
valve 


prevent the ram from dropping of its 
own accord. This valve is simply the 
combination of a check valve and low- 
pressure relief valve adjusted to open 
at a low pressure. In order to cause 
downward movement of the ram, suff- 
cient pressure must be created on the 
top side of the ram to overcome the 
resistance offered by the low-pressure 
relief valve. Consequently, the ram will 
always work down against a definite 
back pressure. On the ram return or 
up stroke, the check valve functions to 
permit free flow to the ram. 

In many machine tool applications 
and in some press applications, a varia- 
tion in the rate of movement of the ram 
is desirable. This may be accomplished 
by installing a speed control valve 
which is a combination of a throttle 
valve and check valve. The combination 
valve for speed control is installed in 
the pull back or return side of the ram 
as shown in Fig. 4. The speed is varied 
by changing the size of the orifice in 
the needle or throttle valve. If the 
orifice is closed, there can be no flow, 
and consequently no movement of the 
ram. As the valve is opened, a definite 
quantity of oil flows through, the amount 
depending upon the resistance or pres- 
sure created by the work. 

To illustrate the functioning of the 
circuit shown in Fig. 4, assume that a 
machine requires a feed of 30 ít. per 
min. and the force to be overcome is 
700 Ib. Select a 3 in. dia. cylinder with 
a 2 in. dia. piston rod to give approxi- 
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To the left, is shown a simple circuit for a single-acting ram with a spring return. At (B) is shown an optional 
Fig. 2— Method of controlling a single-acting ram with gravity return 


Fig. 1—(A), 
arrangement which uses a by-pass valve for the control. 
when pump is of the variable-displacement reversible type 
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mately a 2 to 1 ratio. The area of feed 
side would be 7.07 sq.in. and the area 
on the return or rapid traverse side 
would be 3.9 sq.in. Assume also that 
a 25 g.p.m. gear pump unit is provided, 
and that the relief valve is set at 300 
lb. per sq.in. The diagram shows for 
the speed control units, a needle valve 
and check valve installed in the return 
side. These two valves are usually com- 
bined in one valve and can be obtained 
from several sources. 

In order to obtain a feeding rate of 
30 ft. per min., oil must be supplied to 
the feed side of the cylinder at the rate 
of 11.03 g.p.m. This will mean that 
the excess oil or the difference between 
the capacity of the pump, namely, 25 
g.p.m. and 11.03 g.p.m., or 13.97 g.p.m. 
will be discharged through the relief 
valve at 300 lb. per sq.in. This, of 
course, represents a loss of power which 
is translated into heat and consequently 
the oil temperature in the reservoir is 
increased. 

In order to develop a maximum force 
of 700 Ib. on the piston rod with 300 Ib. 
per sq.in. pressure on the feed side of 
the cylinder, the opening of the needle 
valve or speed control valve must be 
adjusted to create a back pressure at a 
flow rate of (11.03 x 3.9)/7.07 — 6 
g.p.m., approximately. The back pres- 
sure can be calculated in the following 
manner. The total hydraulic supply 
pressure on the feed side equals the 
total hydraulic back pressure on the 
return side plus the load on the work 
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end of the piston rod, that is, the unit 
back pressure equals 
7.07 X 300 — 700 
3,5. — 
— 360 lb. per. sq.in. 
The needle valve opening would, there- 
fore, have to be adjusted to set up a 
resistance equal to this back pressure. 
On the return stroke which is ob- 
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tained by reversing the position of the 
4-way valve, the oil would flow freely 
to the return side of the cylinder 
through the check valve. The return 
speed would be 
gu — 1,470 in. per min. 

or approximately 120 ít. per minute. 

It should be noted that this rapid 


Pressure Lb. per Sq. In. 
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Fig. 3—Controls for vertical double-acting ram circuit which uses a constant-displace- 
ment pump. Fig. 4—Use of a speed control valve in circuit having a horizontal double- 


acting ram 
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Fig. 5—Curve A shows the variation in 
flow through a typical needle valve as 
pressure increases. Curve B shows ap- 
proximately constant flow through con- 
stant flow valve as pressure increases 


rate of return requires that the oil be 
discharged from the work side of the 
cylinder at a rate of 


1,470 Se = 45 g.p.m. 

This rate of discharge should be 
checked as in some installations it may 
be necessary to increase the size of the 
pipe or valves in order to keep the 
velocity down to a reasonable figure. 

One manufacturer has developed a 
line of control valves that have prac- 
tically constant flow regardless of vis- 
cosity or pressure. Fig. 5 illustrates the 
comparative performance of an ordinary 
throttle needle valve and this constant 
flow control valve. With the ordinary 
needle valve, increased pressure causes 
increased flow, thus if constant flow is 
desired it is necessary to adjust the 
valve opening as the pressure changes. 
With the balanced control valve, the 
flow is practically uniform at all 
pressures. 
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Extrusion of copper-base tubing 





COPPER-ZINC ALLOYS-1 


Fabricating Characteristics and Physical Properties 


HE MOST WIDELY USED and 

the best known copper-base al- 

loys are those of copper and zinc 
known as the brasses. As more zinc is 
added to copper, tensile properties in- 
crease, electrical and thermal properties 
decrease and some diminution of resist- 
ance to corrosion results. 

Certain mill products and certain 
manufactured products may be pro- 
duced at lower cost if. instead of cop- 
per, certain of the brasses are used. 
Cost frequently is the consideration 
which leads to the use of brass rather 
than copper for a given product. In 
general the brasses offer mechanical 
properties superior to those of copper; 
the advantage of brasses in this respect 
may be gained at a sacrifice of both 


R. A. WILKINS and D. S. BUNN 


Revere Copper and Brass Incorporated 


electrical and thermal conductivities. 

There are two broad classifications of 
the alloys of copper and zinc; one con- 
taining from 64 percent to 100 percent 
copper, consisting of a single phase and 
known as alpha brasses, and the other 
containing from 55 percent to 64 per- 
cent copper containing two phases and 
known as the alpha-beta brasses. In the 
alloys of copper and zinc containing less 
than 55 percent copper, the beta phase 
predominates and the alloys are brittle 
and of no commercial significance. 


Alpha Brasses 
The alpha brasses are exceptionally 


ductile and malleable at room tempera- 
ture and can be cold worked by deep 


drawing. spinning, stamping, forming. 
cold -rolling. cold heading. flaring and 
upsetting. As the brasses are cold 
worked they become increasingly hard. 
The degree of hardness is dependent on 
the amount of cold working and the cop- 
per content of the alloy. The alpha 
brasses containing in excess of 85 per- 
cent copper have work hardening prop- 
erties similar to copper. Those contain- 
ing between 64 and 85 percent copper 
work harden less rapidly than those of 
higher copper content. Because of this 
property these brasses are used exten- 
sively for applications requiring suc- 
cessive drawing operations without in- 
termediate anneals. 

After cold working. the brasses can 
be rendered malleable or ductile again 
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hy heat-treatment at temperatures rang- 
ing from 700 deg. F. to 1,400 deg. F., de- 
pending upon the properties desired. 
Since the alpha brasses are single-phase 
alloys they cannot be hardened with a 
heat-treatment. 

Alpha brasses containing between 64 
percent and 80 percent copper possess 
relatively poor hot-working properties. 
In order to hot roll or hot forge these 
alloys successfully, utmost care must be 
taken to keep lead, a natural impurity 


of most zinc, to a trace, as the presence 
of even 0.03 percent of lead will cause 
these alloys to crack at any hot-working 
temperature. Brasses of this group are 
best hot worked at temperatures in ex- 
cess of 1,350 deg. F. and the best results 
are secured if all hot working is done 
within the 1,350-1,550 deg. F. range. 
The alpha brasses containing 80 per- 
cent more copper have hot-working 
properties comparable to those of cop- 
per, which is extremely plastic through 


Table I—Gilding Metal 


Copper 95 percent - Zinc 5 percent 


a wide temperature range. However, as 
in the case of copper, the lead content 
must be controlled within close limits. 
As a general rule, if these brasses do 
not contain in excess of 0.03 percent 
of lead they can hot forged, hot rolled, 
or otherwise hot worked without any 
difficulty. 

In the alpha range, tensile properties 
increase with increase of zinc content. 
This is also accompanied by a color 
change from red through gold to the 





PROPERTY 


Young’s modulus of elasticity 
Melting point 

Density 

Coefficient of expansion 
Electrical conductivity 
Thermal conductivity 


Harp (1) Sort (2) 
58-63 36-38 
4 45 
48-55 5-9 
64-71 53-62 (4) 
15,000,000 
1,950 
0.320 
0.0000181 
54.6 
139.5 


UNITS 
1,000 Ib. per sq. in. 
Percent in 2 in. 
1,000 Ib. per sq. in. 
1/16 in. ball-100 kg. load 
Lb. per sq. in. 
Deg. F. 
Lb. per cu. in. 
Per deg. C. from 25-300 deg. C 
Percent I.A.C.S.—68 deg. F. 
B.t.u. per sq. ft. per hr. per ft./deg. F. 





(1) 62 hard — 0.015-0.070 grain size at. ready to finish respectively. 
(2) Refer to 900 deg. F. anneal (one hour at temperature;. 


(3) Apply to strip only (all tests conducted on 0.040 in. stock). 
(4) Rockwell F — 1/16 in. ball — 60 ke. 





Table II—Commercial Bronze 


Copper 90 percent — Zinc 10 percent 





GENERAL DATA — ROD 











Rop FORGINGS 

PROPERTY Harp (1) SOFT Hor Сог» (2) Сог» (3) UNITs 
Tensile strength 65 35 35-40 40-65 65 1,000 Ib. per sq. in. 
Apparent eleastic limit 54 1 1-10 20-52 54 1,000 Ib. per sq. in. 
Yield strength 0.50 percent extension 60 18 12-15 25-58 60 1,000 Ib. per sq. in. 
Yield strength 0.20 percent *'' offset "' 63 11 11-13 25-61 63 1,000 Ib. per sq. in. 
Yield strength 0.10 percent “ offset ” 60 10 10-12 20-55 60 1,000 ib. per sq. in. 
Elongation 18 56 60-50 48-19 19 Percent in 2 in. 
Reduction of area 75 82 90-80 82-75 75 Percent 
Endurance limit 18 12 i 12-16 18 1,000 lb. per sq. in. 
Modulus of elasticity 15,000,000 Lb. per sq. in. 
Rockwell F 97 55 50—60 69—97 97 60 kg.— 1/16 in. ball 
Rockwell B 68 65 67 100 kg.— 1/16 in. ball 
Brinell 107 52 62-102 103 500 kg.— 10 mm. ball 
Hot forging range 1,300-1,450 Deg. F. 
Hot forging quality good 
Type structure single phase — alpha 

GENERAL DATA — STRIP 

PROPERTY Harp (4) Sorr (5) UNITS 
Tensile strength (6) 64-69 36-39 1,000 Ib. per sq. in. 
Elongation (6) 5 45 Percent in 2 in. 
Elastic limit (6) 53-51 8 1,000 Ib. per sq. in. 
Rockwell hardness B (6) 12-1 56 (1) 1/16 in. ball — 100 kg. 
Young's modulus of elasticity 


15,000,000 


Lb. per sq. in. 





PHYSICAL DATA 





Melting point 
Coeflicient of expansion 


Elect rical conductivity 
Thermal conductivity 


Density 


1,913 
0.0000182 


40.9 
108 


0.318 


Deg. F. 

Per deg. C. from 25- 
300 deg. C. 

Percent L.A.C.S. 

B.t.u. per sq. ft. per 
hr. per ft. per deg. F. 

Lb. per cu. in. 





(1) Refers to rod cold drawn 50 pen rod under 1 in. diameter. 
t 


i rod (5-40 percent reduction of area). 
(3) Material cold forged from cold worked condition (40 percent). 
(4) 6* hard — 0.070—0.015 mm. grain size at ready to finish respectively. 


(2) Material cold forged from so 


(5) Refer to 1,000 deg. F. anneal (one hour at temperature). 
(6) Refer to strip only (all tests conducted on 0.040 in. stock). 
(1) Rockwell F — 1/16 in. ball — 60 kg. 
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green yellows, and a progressive dimi- 
nution of electrical and thermal con- 
ductivities. 

Alpha brasses are, for the most part, 
adversely affected by the same sub- 
stances and the same conditions that 


have an adverse effect on copper. In 


many instances they may be corroded 
by substances, particularly those which 
might be termed active chemical re- 
agents, which do not affect copper to 


any appreciable extent. An exception 
to this generality is that for resisting 
the corrosive attack of sulphides, the 


more marked as the zinc content in- 
creases. In combating the corrosion of 
sea water 85/15 brass (known as “rich 
low” or “red brass”) gives materially 
better service than copper itself. 

Brass which contains less than 85 
cent copper when exposed to certain 


media frequently fail in a characteristic 
manner termed “dezincification.” Fail- 
ures of this kind are identified by the 
appearance of spongy areas of copper 
in the form of layers or so-called 
“plugs” on the affected surface. This 


spongy copper is a consequence of the 


by chemical displacement. Arsenic, 
antimony and phosphorous in small 
fractional percentages are demonstrably 
effective in repressing or inhibiting 
dezincification in the alpha brasses. 

Brass which contains less than 85 
percent of copper may under certain 


conditions fail by stress-corrosion crack- 
ing, commonly called “season cracking.” 
Conditions which favor this form of 
failure are the presence of internal 
stress produced by cold-working opera- 
tions and exposure to mild atmospheric 


corrosion, The presence of traces of 











brasses are better than copper; their solution of fractions of the alloy in the ammonia in the atmosphere is said to 
superiority in that respect becomes media and a redeposition of the copper favor this form of corrosion. This form 
Table III—Rich Low Brass (Red Brass) 
Copper 85 percent - Zinc 15 percent 
GENERAL DATA — ROD 
Rop FonciNGs 
PROPERTY Harp (1) SOFT Нот Сог» (2) Corp (3) UNITS 
Tensile strength 15 1 37-42 42-68 72 1,000 Ib. per sq. in. 
Apparent elastic limit 60 8 8-12 18-50 56 1,000 Ib. per sq. in. 
Yield strength 0.50 percent extension 64 14 14-18 25-51 1 1,000 Ib. per sq. in. 
Yield strength 0.20 percent “‘ offset ' 72 14 14-16 22-54 68 1,000 lb. per sq. in. 
Yield strength 0.10 percent “‘ offset "’ 61 12 12-15 24—62 62 1, 000 Ib. per sq. in. 
Elongation 55 18 60—50 47-20 18 Percent in 2 in. 
Reduction of area 80 7 85—80 80—74 72 Регсепї 
Endurance limit 20 14 14-18 20 1 100 Ib. Lar sq. in. 
Modulus of elasticity 15,000,000 Lb. per sq 
Rockwell F 100 59 48-68 10-98 100 60 ke. -1/ 16 i in. ball 
Rockwell B 1 18 15 18 100 kg.-1/16 in. ball 
Brinell 126 54 60 63-120 126 500 ke: -10 mm. ball 
Hot forging range 1,300-1.450 Deg. F 
Hot forging quality good 


Type structure single phase — alpha 


GENERAL DATA — STRIP 
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РАОРЕВТҮ Hann (4) Sorr (5) UNITS‏ 
Tensile strength (6) 1 — 38-40 1,000 1b. per sq.' in.‏ 
Elongation (6) 43 Percent in 2 in.‏ 
Elastic limit (6) 59-63 7-8 1,000 Ib. per sq.'in.‏ 
Rockwell hardness B (6) 82- 86 10 1/16 in. Мий 100 kg.‏ 
Young's modulus of elasticity 15,000, 000 Lb. per sq. in.‏ 
GENERAL DATA — TUBE‏ 
PROPERTY Harp (7) Sort (8) UNITS‏ 
Tensile strength 89 45 1,000 Ib. per sq. in.‏ 
Elongation 4 13 Percent in 2 in.‏ 
Elastic limit 85 15 1,000 Ib. per sq. in.‏ 
Rockwell hardness F 108 60 1/16 in. ball-60 kg.‏ 
PHYSICAL DATA‏ 
Melting point 1,870 Deg. F.‏ 
Coefficient of expansion 0.0000187 Per deg. C. from 25-‏ 
deg. C.‏ 300 
Electrical conductivity 37.0 Percent I.A.C.S.‏ 
Thermal conductivity 82.2 B.t.u. per sq. ft. per hr.‏ 
per ft. per deg. F‏ 
Density 0.316 Lb. per cu. in.‏ 


AVAILABLE CREEP DATA 
(hot rolled to 0.750 in. diameter; grain size 0.030 mm.) 


RATE or CnEEP PEncENT Prn 1,000 Hn. 





0.01 0.10 1.00 

Temp. Dec. F. No MEASURABLE FLOW STRESS TO PRODUCE DESIGNATED RATE OF CREEP 
400 up to 7,500 8,800 12,000 17,000 
600 approaching zero 1,000 2,600 6.800 





(1) Refers to rod cold drawn 50 per cent; rod under 1 inch diameter. 
(2) Material cold forged from soft rod (5-40 percent reduction of area). 
(3) Material cold forged from coid worked condition (40 percent). 

(4) 6# hard — 0.070-0.015 grain size at ready to finish respectively. 


(5) Refer to 1,100 deg. F. anneal (one hour at temperature). 
(6) Apply to strip only (all tests conducted on 0.040 in. stock). 
(1) Extruded, reduced, and cold drawn to 3/4 in. x 0.049 in. 
(8) 950 deg. F. anneal for one hour. 
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Table IV—Low Brass 
Copper 80 percent — Zinc 20 percent 





GENERAL DATA — ROD 























Rop FORGINGS 

PROPERTY HaRD (1) SOFT Hor Cor» (2) Corp (3) UNITS 
Tensile strength 15 44 42-48 47-80 85 1,000 Ib. per sq. in 
Apparent elastic limit 52 9 7-14 20-50 55 1,000 Ib. per sq. in 
Yield strength 0.50 percent extension 56 13 10-19 25-58 65 1,000 Ib. per sq. in. 
Yield strength 0.10 percent ““ offset ” 59 12 9-17 20—65 80 1,000 Ib. per sq. in. 
Yield strength 0.20 percent “‘ offset "' 68 13 10-19 25-70 85 1,000 Ib. per sq. in. 
Elongation 18 65 65-58 30-15 15 Percent in 2 in. 
Reduction of area 70 80 82-80 80-65 60 Percent 
Endurance limit 22 15 1,000 Ib. per sq. in. 
Modulus of elasticity 15,000,000 Lb. per sq. in. 
Rockwell F 103 60 15—70 70-104 105 60 kg.— 1/16 in. ball 
Rockwell B 80 9 24 81 82 100 kg.— 1/16 in. ball 
Brinell 130 56 63 63—133 135 500 kg.— 10 mm. ball 
Forging range 1,250-1,450 Deg. F. 
Forging quality ` good 
Type structure Single phase — alpha 

GENERAL DATA — STRIP 

PROPERTY Harp (4) Sort (5) UNITS 
Tensile strength (6) 91 46 1,000 Ib. per sq. in. 
Elongation (6) 6 49 Percent in 2 in. 
Elastic limit (6) 69 13 1,000 Ib. per sq. in. 
Rockwell hardness D (6) 89 62 (1) 1/16 in. ball — 100 kg. 

load 
Young's modulus of elasticity 15,000,000 Lb. per sq. in. 
GENERAL DATA — TUBE 

PROPERTY Harp (8) Sort (9) UNITS 
Tensile strength 98 48 1,000 Ib. per sq. in. 
Elongation 2 43 Percent in 2 in. 

Elastic limit 16 19 1,000 Ib. per sq. in. 
Rockwell hardness F 109 58 1/16 in. ball — 60 kg. 
PHYSICAL DATA 

Melting point 1,832 Deg. F. 
Coefficient of expansion 0.0000191 Per deg. C. from 25- 
| 300 дер. С. 
Electrical conductivity 32.5 Percent I.A.C.S. 
Thermal conductivity 81 B.t.u. per sq. ft. per 
hr. per ft. (deg. F.) 
Density 0.313 Lb. per cu. in 


(1) Refers to rod cold drawn 37 percent; rod under 1 inch diameter. (6) Apply to strip only (all tests conducted on 0.040 in. stock). 


(2) Material cold forged from soft rod (5-40 percent reduction of area). (7) Rockwell F — 1/16 in. ball — 60 kg. 
(3) Material cold forged from cold worked condition (40 percent). (8) Cold drawn to 13/16 in. x 0.049 in. 


(4) Z6 hard — 0.015 mm. grain size at ready to finish. (9) Refer to 1,000 deg. F. anneal. 
(5) Cold rolled #4 -— refer to 1,000 deg. F. anneal. 





Table V—Spring Brass 


Copper 75 percent — Zinc 25 percent 





GENERAL DATA — STRIP 


PROPERTY Harp (1) Sort (2) Units 
Tensile Strength 84—97 45-49 1,000 lb. per sq. in. 
Elongation 5-7 58-66 Percent in 2 in. 
Elastic limit 64—68 6-13 1,000 Ib. per sq. in. 
Endurance limit 21 17 1,000 Ib. per sq. in. 
Rockwell hardness F 107-110 57-61 1/16 in. ball — 60 kg. load 
Rockwell hardness B 86-93 2-7 1/16 in. ball — 100 kg. load 
Rockwell hardness G 59-71 1/16 in. ball — 150 kg. load 
Rockwell superficial “‘ 15-T ” 89—91 62—63 1/16 in. ball — 15 kg. load 
Rockwell superficial '* 30-T "' 14—18 1-20 1/16 in. ball — 30 kg. load 
Young's modulus of elasticity 14,000,000 18,000,000 Lb. per sq. in. 
Melting point 1,795 Deg. F. 
Density 0.310 Lb. per cu. in. 
Coefficient of expansion 0.0000196 9 des. C. from 25-300 

eg. C. 

Electrical conductivity 30.0 Percent I.A.C.S. at 20? С. 
Thermal conductivity 15 B.tu. per hr. per sq. ft. 


r deg. F. ft. 
(1) +6 hard, 0.095-0.015 mm. grain size at ready to finish respectively. (2) Hard material (1) after 1,300 deg. F. anneal for one hour. 
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Table VI—70/30 or Cartridge Brass 


Copper 70 percent — Zinc 30 percent 





GENERAL DATA — ROD 























Rop FonciNGS 
گی‎ ———— 4 © S 
PROPERTY Harp (1) SOFT Сог» (2) Сог» (3) Units 
Tensile strength 100 48 55-90 98 1,000 Ib. per sq. in. 
Apparent elastic limit 61 22 28-60 65 1,000 Ib. per sq. in. 
Yield strength 0.50 percent extension 64 38 42-60 64 1,000 Ib. per sq. in. 
Yield strength 0.10 percent *' offset "' 63 34 37-62 62 1,000 Ib. per sq. in. 
Yield strength 0.20 percent “ offset ” 75 38 42-70 74 1,000 Ib. per sq. in. 
Elongation 14 55 50-15 Percent in 2 in. 
Reduction of area 60 15 13-62 Percent 
Endurance limit 22 17 1,000 Ib. per sq. in. 
Modulus of elasticity 15,000,000 Lb. per sq. in. 
Rockwell F 108 75 88-105 108 60 kg.— 1/16 in. ball 
Rockwell B 89 34 56-85 89 100 kg.— 1/16 in. ball 
Brinell 154 70 90-142 154 500 kg.— 10 mm. ball 
GENERAL DATA — STRIP 
PnoPERTY Harp (4) Sort (5) Units 
Tensile strength (6) 86-97 45-48 1,000 Ib. per sq. in. 
Elongation (6) 4 58—64 Percent in 2 in. 
Elastic limit (6) 69-81 1,000 Ib. per sq. in. 
Rockwell hardness B (6) 88-93 15-20 1/16 in. ball — 100 kg. 
Endurance limit (6) (at 105 reversals) 
Soft 16.5 1,000 Ib. per sq. in. 
4$ hard 19.0 1,000 Ib. per sq. in. 
8# hard 22.0 1,000 Ib. per sq. in. 
Young's modulus of elasticity 15,000,000 Lb. per sq. in. 
GENERAL DATA — TUBE 
PROPERTY Harp (7) Sort (8) UNITS 
Tensile strength 95 1,000 Ib. per sq. in. 
Elongation 1 Percent in 2 in. 
Elastic limit 90 1,000 Ib. per sq. in. 
Rockwell hardness F 110 1/16 in. ball — 60 kg. 
PHYSICAL DATA 
Melting point 1,750 Deg. F. 
Coefficient of expansion 0.0000199 Per д, C. from 25-300 
deg. C. 
Electrical conductivity 21.6 Percent I.A.C.S. 
Thermal conductivity 70 B.t.u. per sq. ft. per hr. 


Density 
Type structure 


0.308 
single phase — alpha 


per ft. per deg. F. 





AVAILABLE CREEP DATA 


(hot rolled to 0.875 in. diameter, cold drawn to 0.750 in. diameter) 





Rate or Creep Percent Per 1,000 Hn. 


0.01 0.10 1.00 
Temp. Dec. F. No MEASURABLE FLOW STRESS TO PRODUCE DESIGNATED RATE OF CREEP 
400 up to 10,000 12.70 18, 000 27,000 
600 approaches zero 290 850 2,190 
800 approaches zero approaches zero 





(1) Refers to rod under 1 in. diameter and rod cold drawn 50 percent. 


(5) Refer to 1,100 deg. F. anneal (one hour at temperature). 


(2) Material cold forged from soft rod (5—40 percent reduction of area). (6) Apply to strip only (all tests conducted on 0.040 in. stock). 


(3) Material cold forged from cold worked condition (40 percent). 
(4) 6# hard — 0.070-0.015 grain size at ready to finish respectively. 


(1) Extruded, reduced, arid cold drawn to 3/4 in. x 0.049 in. 
(8) 1,000 deg. F. anneal for one hour. 


of attack can be effectively prevented 
by relief annealing below the recrystal- 
lization temperature. 

A type of failure closely associated 
with “season cracking” and known as 
“fire cracking,” occurs when susceptible 
brasses in a stressed condition are sud- 
denly exposed to elevated temperatures. 
The presence of some lead in the brass 
decreases the resistance to this type of 
failure by promoting greater intercrys- 
talline weakness. To avoid this form of 
failure it is common practice to bring 
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stressed materials up to the annealing 
temperature gradually. 

In the fabrication of susceptible al- 
loys it is common practice to flex or 
spring them prior to annealing. The 
flexing or spring operation sets up bal- 
ancing stresses to counteract the tensile 
stresses produced during fabrication. 

The important commercial alpha 
brasses, in the order of increasing 
amounts of zinc, are: Gilding Metal; 
Commercial “Bronze”; Rich Low 
Brass; Low Brass; Spring Brass; 70/30 


or Cartridge Brass; Deep Drawing 
Brass; Common Hi Brass (2 and 1); 
Tubular Rivet Brass; Brass Rod. 


Giupinc Merat—The alloy of copper 
and zinc, containing 95 per cent copper 
and known as gilding metal, is an ex- 
tremely easy alloy to cold work. It 
flows readily in the intricate dies used 
for jewelry, emblems, plaques and coin- 
ing operations. It can be readily spun, 
drawn, forged and upset. Its hot-work- 
ing properties are comparable to those 
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oi copper. This alloy has slightly higher 
tensile properties and about the same 
ductility as copper, but thermal and 
electrical properties are lower. This 
allow is commercially available in all 
common wrought forms. 


COMMERCIAL BRONZE—Brass with 90 
percent of copper, through long usage, 
has become known as commercial 
“bronze.” It has excellent cold-working 
properties and can be readily spun, 
drawn, forged and upset. Its hot-work- 
ing properties are similar to those of 
copper. Commercial bronze is used in 
the manufacture of custom jewelry. 
compacts, weather stripping, stamped 
hardware, forgings, screws, rivets, and 
various ammunition components, The 
alloy is fabricated as sheet, strip, plate. 
rod, wire, bar and tube. 


Ricu Low Brass or red brass has excel- 
lent cold-working properties and can be 
cold worked to a greater extent than 
copper because it has a better combina- 
tion of strength and ductility. It is 
widely used for severe cold drawing. 
stamping or spinning operations. Red 
brass is not usually hot rolled or forged 
because, unlike the higher copper 
brasses, it is less plastic at elevated 
temperature. In the presence of a small 
amount of lead it is subject to cracking. 
Red brass containing less than 0.02 
percent of lead can, however, be hot 
worked commercially at temperatures 
in excess of 1,350 deg. F. Red brass 
has excellent corrosion-resisting proper- 
ties; in many cases superior to those of 
copper. When in contact with salt or 
brackish waters it offers better resist- 
ance than copper itself and it is used 
successfully under conditions of opera- 
tion which cause the higher zinc alloys 
to fail through dezincification. Rich low 
brass is used extensively in the con- 
struction of automotive radiators; in 
the manufacture of tube and pipe for 
oil refineries and utilities, and in the 
field of domestic and industrial plumb- 
ing. This alloy is commonly fabricated 


in sheet, strip, plate, rod, bar and wire 
and tube. 


Low Bnass has hot and cold-working 
properties similar to rich low brass. 
Corrosion-resisting properties are gen- 
erally the same as those of the latter. 
Under certain severe conditions it may 
dezincify or fail by season cracking. 
This alloy is used for flexible hose, bel- 
lows, clock dials, and numerous drawn 
and stamped parts and is usually fabri- 


cated in sheet, strip, rod, wire, bar and 
tube forms. 


Sprinc Brass, containing 75 percent 
copper. has excellent cold-working 
properties and can be readily fabricated 
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by spinning, drawing, forging and up- 
setting. It is not generally hot worked 
as its hot plastic range is extremely nar- 
row. Spring brass is suitable for form- 
ing into springs were loads are not ex- 
cessive and where corrosion resistance 
is important. 


Hicu Brasses, which include 70-30 or 
Cartridge Brass, Deep-Drawing, 2 and 1 
and Common Hi Brass, possess the opti- 
mum combinations of strength and duc- 
tility. They all have excellent cold-work- 
ing properties and can be readily spun, 
drawn, forged and upset. As a general 
rule they are not fabricated by hot- 
working processes as the range in which 
they are hot plastic is narrow. 

Since the operations in which these 
allows are used require excellent ductil- 
ity, those elements which have an ad- 
verse influence on this property must be 
carefully controlled. Iron, because of its 
hardening action, and lead, because of 


its influence on fire-cracking, are usually 
limited to 0.05 percent maximum. Such 
impurities as phosphorus, antimony, 
bismuth, nickel, chromium and alumi- 
num are kept to a trace or less. Since 
alloys in this copper range are suscept- 
ible to *season cracking," it is common 
practice to relief anneal, at low tem- 
peratures, formed parts which are to be 
used under conditions of mild corrosion. 

High brasses are used for the manu- 
facture of pins, rivets, eyelets, snap- 
fasteners, automobile radiator cores, 
heating units, musical instruments, 
automobile lamp bodies and reflectors, 
cartridge cases and clips, electrical 
sockets, lamp bases, and many other 
drawn or formed shapes. High brasses 
are available in sheet and strip, rod, 
wire, bar and tube. The tables on 
Deep Drawing Brass, Common Hi Brass, 
Tubular Rivert Brass and Brass Rod 
will be presented in Part II of this series 
of articles on copper alloys. 
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Swinc cams properly designed to actuate limit switches, 
precision switches, hydraulic valves, or mechanical devices 
often are the simplest means for stop-start control of re- 
ciprocating machine elements. Principles involved in the 
design of these swing cams are generally simple and can 
' best be brought out in this specific example. 

The tool slide of a vertical hydraulic shaving machine 
should be allowed to take a few clean-up strokes after the 
table has reached the limit of feed. When the tool is brought 
to a stop, it should always be in the *up" position so that it 
does not interfere with loading and unloading. 

To achieve this, the designers of this machine worked out 
an interlocked electrical-hydraulic system which, when table 
feed is shut off by the table stop dogs, energizes a time- 
delay relay. When the time delay runs out, a limit switch 
mounted beside the tool-holder slide is energized. This limit 
switch is actuated by a cam at every stroke of the tool; thus 
on the stroke immediately following its energization, it is 
actuated to shut off the power and stop the tool. 

In the first design, Fig. 1, the cam was rigid and actuated 
the limit switch on both the up and down-strokes of the 
tool-holder slide when the work stroke was long. Thus, if 
the limit switch should be energized while the slide is up, 
current will be shut off on the down-stroke, and the slide 
will come to rest in the *down" position. 

Various stages in the design of a swing cam to correct 
this situation are shown in Figs. 2, 3 and 4. Minimum slide 
stroke is 4% in., maximum stroke is 3 in., and maximum 
speed is 175 cycles per minute. 
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DESIGN OF SWING CAMS 


PAUL E. RUDBECK 


Swing cam of this design actuates switch 


to normal position 
as- it passes over- 


Reciprocating fool 





Position of limit 
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adjusted ---7 





Rigid cam actuates limit 
switch on both up-stroke 


> 


and down- stroke~ 7 









Roller cam actuated РА ø 
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roller arm in down- 
position of slide i 
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Position of cam and j 





Reciprocating tool holder slide 
Max. stroke -3 in. Min. stroke -/ in. 
Max. speed-/75 cycles per minute 








Fig. 1—First cam design was rigid and often resulted in tool 
stopping in “down” position, interfering with loading 
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Fig. 2—Simple swing cam first designed 
could not swing clear of roller arm on 
down-stroke. Hence limit switch was ac- 
tuated on both up and down-strokes, 
causing same trouble as in Fig. 1. Ac- 
tually, on down-stroke the cam depressed 
the roller arm farther than on up-stroke, 
overstressing the switck. Also, cam did 
not function when stroke of tool slide 
was less than 1 in. 
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Fig. 3—This cam, incorporating only a 
few design changes from that of Fig. 2, 
worked quite satisfactorily with the rol. 
ler arm limit switch, The cam would 
swing free on the down stroke, falling 
into normal position as soon as its point 
passed over center of the roller. On 
up-stroke the switch was actuated, bring- 
ing the tool slide to rest in the “up” 
position as soon as switch was energized 


Fig. 4—For more accurate cam action 
with tool travel safely under 5 in. 
this design is proposed. Instead of us- 
ing a limit switch, the cam operates a 
precision switch requiring only slight 
cam action. A switch with considerable 
overtravel should be specified to prevent 
damage which might be caused by errors 
in set-up. A spring supplements gravity 
cam return for positive, fast action 
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uestion and Comment 


Reviews Article on “Bending Stresses In 
Materials Having Dissimilar Elastic Moduli” 


ROBERT E. BRUCKNER 
Kimble Glass Company 


These comments refer to the article 
appearing on pages 290 to 292 of Pnop- 
uct ENGINEERING for June, in which Mr. 
William I. Powell contributes an origi- 
nal attack on the problem, “Bending 
Stresses in Materials Having Dissimilar 
Elastic Moduli.” Due to the importance 
of this subject, his premises and deriva- 
tion were reviewed in detail and appear 
entirely correct. 


While none of the references investi- 
gated by the present writer denied exist- 
ence of different moduli of elasticity for 
tension and compression, no other test 
data was discovered. It might be that 
engineers have been taking it too much 
for granted that the elastic modulus in 
compression was equal to that in ten- 
sion. The writer feels that Mr. Powell 
should tell us how many tests on what 
composition of manganese bronze sup- 
ported the surprising fact of dissimilar 
moduli. 

The following comments should assist 
other engineers in quickly understand- 
ing Mr. Powell's contribution since they 
represent points which at first puzzled 
me: 

At the top of Fig. 1, “yield strength at 
35 percent set” should read “yield 
strength at 0.35 percent set.” 

At the bottom of Fig. 1, Poisson’s 
ratio is stated to be 0.45. This value is 
questioned for the reason that it was 
determined from the very small differ- 
ence between two diameters. An error 
of 0.0001 in. in these two diameters 
would bring Poisson’s ratio down to 
0.36. Poisson’s ratio is less than 0.35 for 
nearly all metals and exceeds 0.40 only 
for such plastic materials as rubber, 
lead and paraffin. 

The theory on which Mr. Powell sets 
up his trapezoid analysis is a bit diffi- 
cult to understand. I suggest the first 
paragraph at the top of the middle col- 
umn on page 291 be revised to read as 
follows: “The beam was then consid- 
ered to be composed of two materials of 
dissimilar elasticity, one in tension and 
the other in compression, with the line 
of cleavage at the neutral axis. Assume 
that the true beam is replaced by one 
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having the same modulus throughout 
and an effective area of trapezoidal 
shape having a depth equal to the depth 
of rectangular section of the true beam. 
If this is assumed to be true . . ." 

In the illustrative problem, E. from 
the compression test averaged 21,770,- 
000. Its calculated value is 21,000,000, 
hence the error to be expected in calcu- 
lating E. from a known Æ, is approxi- 
mately 315 percent, which is so small as 
fully to corroborate the theory. 

Mr. Powell and Propuct ENGINEER- 
ING are both to be congratulated for 
making an important contribution of 
special value at this time due to the 
many unusual problems of design that 
come up in relation to defense activity. 


To the Editor: 


In reply to the comments of Mr. R. E. 
Bruckner on my aarticle, “Bending 
Stresses in Materials Having Dissimilar 
Elastic Moduli,” I am adding the fol- 
lowing data and explanations: 

There were fourteen tension bars 
pulled and four compression tests con- 
ducted by the writer in the B. W. S. 
testing Laboratory on cast manganese 
bronze specimens during the summer of 
1940. The composition of the bronze by 
percentages was as follows: copper 58, 
zinc 39.2, iron 1.0, manganese 0.3, 
aluminum 0.5, tin 1.0, and lead 0.3. 

An average E, of all bars tested would 
be about 15,000,000 with a maximum 
disparity of approximately 1,500,000 
above and below this value. Consider- 
able larger variations were found for 
E, ranging from 13,000,000 to 22,000,- 
000 for the bar shown in Fig. 2 

Concerning the decimal point omis- 
sion in Fig. 1, Mr. Bruckner’s statement 
is correct. It should read 0.35 percent 
set. 

In reference to the subject of Pois- 
son's ratio, I will say that the value 
shown is one of five taken on different 
specimens solely for the purpose of 
illustrating the differences in this char- 
acteristic for the various bars tested. 
Because of the possibility of a parallax 
error in reading fractions of one-ten- 





thousandth of an inch with the microm- 
eter used these values are at best only 
close approximations. Also since they 
were only apparent at comparatively 
high stresses (points well outside the 
proportional line), they are not signi- 
ficant for design purposes. Many engi- 
neering handbooks give a value of 0.333 
for both brass and copper, so it would 
seem reasonable to assume the same for 
bronze. — WILLIAM I. POWELL 


Drive Screws for Fabric 
To the Editor: 


Herewith is a sketch showing how our 
Type 21 hardened sheet metal drive 
screws are used to attach auto trim 
panel. This application is similar to Fig. 
4 of your article “Fastening Methods 
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for Flexible Sheet Materials." In this 
fastening, it is only necessary to drill 
the proper size hole and тз in the 
screw with a hammer. -—S. S. KAHN 


Park BM Corp. 


Interesting Property 
Of Triangles 


To the Editor: 


There is an interesting, and I think 
not generally known property of tri- 
angles that I have had occasion to study 
recently. If, based upon the three sides 
of any given triangle, isosceles triangles 
are constructed whose base angles are 
30 deg., the apexes of the isosceles tri- 
angles will form an equilateral triangle. 
Thus in the diagram, triangle ABC is 
any given triangle, and triangle DEF 
by this construction is equilateral. 

The analytical proof given below is 
quite rigourous but the rational physical 
explanation is also worth noting. If we 
assume 0 deg. in place of 30 deg. for the 
base angles, the triangle DEF becomes 
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similar to the given triangle ABC since 
it connects the midpoints of its sides; 
the proportional sides however are 
opposite, As the base angles are in- 
creased, the sides of triangle DEF grow 





at a rate proportional to the size of the 
adjoining sides until 30 deg. is reached, 
when d — e — f. 
Proof: from the cosine law: 
d = g? + k? — 2 gh cos (0 + 2p) 


i 1 a 1 
But g = — X ; h———X s 
2 Cos p 2 COS p 
p p а? 
4 = — ———— 
4cosp  4cos'p 
21 к i : 
— LA (cos 0 cos 2p — sin 0 sin 2p) 
4 cos? p 
1 Я 7 Б 
= — | 0° + а? — 2 Ба cos 0 соз 2р 
4 сов?р 


+ 2 ba sin 0 sin 2| 


1 
= = [^ cos 0 + bc cos 8 


4 cos? p 
+ ac cosa + ba cos 0 
— ba cos 0 cos 2p 
+ 2 basin 0 sin 2p 


Since b — a cos 0 4- c cos 8 ; 
a — c cosa + b cos 6 
b? — ba cos 0 4- bc cos 8 ; 
а? = ac cos a + ba cos 0 
т 
But when p = 5 
) 
1/4 cos?p — 1/3 
— 2 ba cos 0 cos 2p — — ba cos 0 
+ 2 ba sin 0 sin 2p = 2 УЗ 
X area ABC 


1 
Ф E ba cos 6 + be cos 8 + ac cosa 


+ 24/3 АВС 


Solving similarly for e* and f the 
same is obtained, hence d = e = f. 

I do not at present know of any engi- 
neering application for this theorem, 
but I feel that its novel character and 
the ingenious quality of the proof justify 
my calling it to your attention. 

—Myron J. DRACHMAN 
New York, N.Y. 


Substitute for Lucilite 
Insulation Material? 


To the Editor: 


We have been using in our instru- 
ments for some time a French insulating 
material known under the trade name 
of “Lucilite.” 

This plastic material is easy to ma- 
chine and keeps its mechanical and 
electrical characteristics in oil at a tem- 
perature of 250 to 300 deg. F. 

Up to now we have not been able to 
find a satisfactory substitute, and we 
would highly appreciate it if you could 
help us on this matter. —H. G. Dott 

Schlumberger W ell Surveying Corp. 


[Editors Note—Only thing we can 
think of, offhand, is a mica-filled plastic 
which keeps its electrical characteristics 
in water, is impervious to oil, and can 
be used up to 300 deg. C. as electrical 
insulation. There are probably others. 
How about it, readers? | 


Error in Table Of 
“Shims for Bearings” 


To the Editor: 


I want to call your attention to a bit 
of confusion in Table II on page 313 of 
Propuct ENGINEERING for June. in the 
article “Shims for Bearings.” 

In the column headed “Standard 
Thickness—in. Tolerance” a tolerance 
of +0.005/—0.000 applies to all three 
shim thicknesses of 0.062, 0.093 and 
0.125 in. This is incorrectly shown in 
the table. 

A tolerance of 2-0.005 applies to the 
0.187-in. shim thickness; this is cor- 
rectly shown. —A.sert B. WILLI 

Chief Engineer, Federal-Mogul Corp. 


Number of Bolts a Factor 
In Total Load on Bolts 


To the Editor: 


The contribution entitled “Total Load 
on Bolts” by Walter M. Haessler on 
page 263 of May Propuct ENGINEERING, 
was extremely interesting and Propuct 


ENGINEERING is to be congratulated for 
its efforts to push this important phase 
of design through to a conclusion. 
However, the analysis started off from 
one slight mistake in its premises, and 
therefore leads to a slightly incorrect 
final formula and fails to bring out one 
of the most interesting conclusions. In 
the original article, the “initial com- 
pression of the rubber block due to 
screwing up” is not BC,, but BC, times 
the number of bolts. However, the gen- 
eral method of analysis furnishes the 








key to the solution of this problem. 

Using the same illustrations and thie 
same symbols as appear on page 263, 
the corrected solution of this problem 
is presented as follows: 

(1) Let a = stretch of each bolt in in, 
per lb. load Let B = vertical squevze 
deflection of rubber block in in. per |b. 
load. 

(2) Assume 2W = 0. Then load on 
each bolt — C; vertical squeeze of 
block = 2 C8; and stretch of each bolt 
es Eu. 

(3) Assume 2C, = 0. Then load on 
each bolt=W ; vertical squeeze of block 
= 0; and stretch of each bolt = Wa. 
Actually the gap between the block and 
cross bar will be = Wa. 

(4) If bolts are stretched an amount 
aC, to apply a load 2C, to the block, 
and a load 2W is then added at the 
crossbar, each bolt will be subjected to 
a new load T always less than W + C, 
since the increased stretch of the bolts 
partially relieves the squeeze of the 
block. 


(5) (a) Actual bolt stretch = Ta 
(b) Bolt stretch at original load 
2C, on block = aC, 
(c) Added stretch of bolts due 
to added load 2W = Ta - 
Са = а(Т == C.) 


(d) Reduction in reactive force 








a 
of block = uL ‹) 

(e) Hence actual reactive force 
2C of block after application 
of load 

OW = 20; — «(T — C) 

- == "n В 


(f) Hence actual total load 


(T — C) 
27 = 2W + 20 = 2W + 20, HE vi) 


hence for x bolts 
2i X 8 7 . 


With a large number of bolts, a be 
comes unimportant, and T closely ap- 
proaches W + C, regardless of the val- 
ues of 8 and a. This surprising conclu- 
sion is extremely interesting. It means 
that if a large number of bolts be used, 
instead of a few bolts as in the pneu 


matic jackhammer used for illustration 
by Mr. Haessler, increasing the bolt 
resiliency a will have practically no 
effect in reducing the bolt stress. In 
other words, for a large number of 
bolts, the bolt resiliency a must very 
greatly exceed the squeezed-block resil- 
iency B to appreciably relieve the 
squeeze deflection of the block when 
any given external load xW is applied. 

Conclusion (c) to the effect that the 
relative magnitude of a and Û is of great 
importance, is true only for a small 
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number of bolts. Also, the observation 
thai necking the bolts to increase a in 
relation to B will actually reduce the 
stress in the bolts, is perfectly true and 
is à phenomenon which has frequently 
occurred in the writers experience. 
However, such occurrences are limited 
to cases in which the total number of 
bolts squeezing a given elastic assembly 
is relatively small as for example in a 
connecting-rod “big end” which usually 
employs only two or four bolts. 

While the practice of increasing the 
bolt resilience to avoid breakage has 
been employed in all kinds of machin- 
ery for many years, it is extremely in- 
teresting to find that this type of reduc- 
tion in bolt stress can be achieved only 
by substituting for a large number of 
small short or stiff bolts, a few long or 
resilient bolts. —Ropert E. BRUCKNER 

Manager of Machine Design 
Kimble Glass Co. 


Dished Heads Mixed Up 


To the Editor: 

I have seen my copy of the July 
number of Propuct ENGINEERING and 
am pleased to find that you have used 
the combined chart for dished head 
thickness. I do regret to advise, how- 
ever, that there is an error in the chart 
on page 293. The section marked “Di- 


rections for Use” is incorrect and should 
read as follows: 

1. Connect scale A, to B, for 75,000 
lb. per sq. in. ultimate strength steel or 
similar alloy and read thickness on 
scale C. 

2. Connect scale A: to B. for 55,000 


lb. per sq. in. ultimate strength steel 


and read required thickness on scale C. 
Reading it as published, the required 
thickness for stainless steel comes out 
greater than that required for 55,000 Ib. 
per sq. in. steel. All readers should 
note this correction immediately. 
—Epwarp L. MAGUIRE 
Union, N. J. 


Can You Work This One? 


H. E. SMITH 


This month's problem— 


Royal Descendents 


An elderly queen, her daughter, and 
little son, each weighing 195 lb., 105 Ib., 
and 90 lb. respectively, were kept pris- 
oners at the top of a high tower. The 
only communication with the ground 
below was a rope passing over a pulley, 
with a basket at each end. When one 
basket rested on the ground the other 
was opposite the window. Naturally, if 
one basket were more heavily loaded 
than the other, it would descend; but 
if the excess weight became more than 
15 lb., the descent would be dangerously 
fast. From the position of the rope the 
captives could not check it with their 
hands. The only thing available to help 


them in the tower was a cannon-ball, 
weighing 75 lb. Notwithstanding, they 
contrived to escape safely. How? 


Solution to July problem— 
How Many Widgets? 


When four companies, A, B, C and D 
contracted to make widgets, company A 
agreed to make half as many widgets as 
the sum made by the others, B con- 
tracted for one-third the sum of the oth- 
ers, and C made one-quarter the total 
made by A, B, and D. Since company D 
contracted for and delivered 325 widg- 
ets, it follows that company A made 
500, B made 375, and C made 300 


widgets. Total produced by all four was 
1.500 widgets. 





CASE HISTORIES IN PATENT LAW 


NO. 23 


Question: What interest does the Gov- 
ernment have in any inventions made 
in filling of the war contract? 


ANswER: The Navy Department has a 
contract which it has entered into with 
many concerned which requires that 
concern to give the Navy a license under 
any invention which is necessary for the 
manufacture of the particular item in 
question. This contract also provides 
that any invention made in the course 
of carrying out the contract belongs to 
the Navy. 

In some instances where special de- 
velopment work has to be done at Gov- 
ernment expense, this is a legitimate 
and fair provision, but where the con- 
tractor pays for it at his own expense, 
and it is a development that is incidental 
to the filling of a wartime contract, the 
general rule is that he has a complete 
right to it, unless he contracts it away. 

One of the difficulties that arises 
comes from the fact that in many con- 
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tracts with the Army and Navy, the 
rights to such inventions are not pro- 
vided for specifically. The first step is 
to define the extent to which the de- 
velopments of the contractor are to be- 


come Government property. In this 


connection many controversies have 
arisen where Government employees, 
such as inspectors, engineers and others, 
have made inventions on Government 
time, with Government materials and at 
Government expense and in their direct 
line of work. If the Government does 
not put such inventions on the Secret 
List or on a list defining them as be- 
longing to the Government, the contrary 
rule is that the invention belongs to the 
inventor subject to a non-exclusive 
license to the Government. The Gov- 
ernment even goes so far as to not only 
pay the inventor's salary while he makes 
the invention, and pays for all the ex- 
perimental work leading up to its crea- 
tion, but even takes out the patent for 
him at Government expense. In a large 
number of instances such inventors have 


sold their interest to commercial con- 
cerns who in turn sell the same idea to 
the Government as contractors to the 
Government. 

It is, therefore, important for a manu- 
facturer who has Government employees 


in his plant to realize that he may pro- 
vide them facilities and opportunities for 
invention of great importance to his 
company. The Government will get a 
non-exclusive license, but he may have 
to buy these inventions which, indi- 
rectly, he has paid for as a taxpayer. 
He has indirectly or directly provided 
the opportunity and facilities to such 
Government employees who may be in 
his plant to develop, invent and profit 
in a way that his own employees could 
not profit under the law. You will recall 
that the rule is, if one is especially hired 
to design, develop and invent, the inven- 
tion belongs to his employer. If there is 
no contract and the invention is in the 
lines of his work and the invention is 
paid for by the employer, the employer 
in some cases owns the invention, in 
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others has a license, and in still others 
has a shop right depending upon cir- 
cumstances. 

In Solomons v. United States, 137 
U. S. 342, one Clark (who was in the 
employ of the Government as Chief of 
the Bureau of Engraving and Printing) 
conceived the idea of a self-cancelling 
stamp and under his direction the em- 
ployees of that bureau, using Govern- 
ment property, prepared a die to put 
into being Clark's conception. While 


the application for his patent was pend- 
ing he assigned it to Solomons to whom 
he owed a debt. Solomons demanded 
compensation from the Government for 
the use of the invention. In these cir- 


cumstances, Mr. Justice Brewer said: 


Same as Any Other Emplover 


“The Government has no more power 
to appropriate a man’s property invested 
in a patent than it has to take his prop- 
erty invested in real estate; nor does the 
mere fact that an inventor is at the 
time of his invention in the employ of 
the government transfer to it any title 
to, or interest in it. An employee, per- 
forming all the duties assigned to him 
in his department of service, may exer- 
cise his inventive faculties in any direc- 
tion he chooses, with the assurance that 
whatever invention he may thus con- 
ceive and perfect is his individual prop- 
erty. There is no difference between the 
government and any other employer in 
this respect. But this general rule is 
subject to these limitations. If one is em- 
ployed to devise or perfect an instru- 
ment, or a means for accomplishing a 
prescribed result, he cannot, after suc- 
cessfully accomplishing the work for 
which he was employed, plead title 
thereto as against his employer. That 
which he has been employed and paid 
to accomplish becomes, when accom- 
plished, the property of his employer. 
Whatever rights as an individual he may 
have had in and to his inventive powers, 
and that which they are able to accomp- 
lish, he has sold in advance to his em- 
ployer. So, also, when one is in the 
employ of another in a certain line of 
work, and devises an improved method 
or instrument for doing that work, and 
uses the property of his employer and 
the services of other employees to de- 
velop and put in practicable form his 
invention, and explicitly assents to the 
use by his employer of such invention, a 
jury, or a court trying the facts, is war- 
ranted in finding that he has so far rec- 
ognized the obligations of service flow- 
ing from his employment and the 
benefits resulting from his use of the 
property, and the assistance of the co- 
employees, of his employer, as to have 
given to such employer an irrevocable 
license to use such invention." (P. 346). 
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In Houghton v. United States 
(C.C.A.4), 23 F. (2d) 386, Houghton 
was employed as a trained chemist in 
the Public Health Service in the Treas- 
ury Department of the U.S. Govern- 


ment. He made an invention relating to 


fumigant gas for which he obtained a 
patent. As to this the Court said: 
“But the case here presented is that 
of an employee who makes a discovery 
or invention while employed to conduct 
experiments for the purpose of making 
it. Houghton did not conceive the idea 


of combining an irritant gas with hydro- 
cyanic acid gas, so as to produce a safe 
fumigant. That was the idea of Dr. 


Cumming, the Surgeon General, under 
whom he was working. He did not con- 
ceive the idea of using cyanogen chlo- 
ride gas as the irritant with the deadly 
gas. That idea had been advanced in a 
German periodical, and experiments 


and studies along that line had previ- 


ously been conducted at the direction of 
the Health Service. All that he did was 
to take the idea of the Surgeon General, 
upon which the Health Service had been 
experimenting, and conduct experi- 
ments under its direction, for the pur- 
pose of determining how best to pro- 
duce and combine the gases so as to 
achieve the result which the Surgeon 
General had in mind. For this he was 
relieved of other work and sent to the 
Edgewood Arsenal to make the experi- 
ments. His regular salary was paid to 
him while he was thus engaged, and, 
when he deduced from the experiments 
the method to be followed in producing 
and combining the gases, he did merely 
that which he was being paid his salary 
to do. Under such circumstances, we 
think there can be no doubt that his in- 
vention is the property of his employer, 
the United States.” (p. 388-389). 


A Case of Shop Right Only 


In United States v. Dubilier Con- 
denser Corp., 298 U. S. 179, the Court 
had before it a situation in which scien- 
tists were employed by the United 
States in the Radio Section of the 
Bureau of Standards, but were assigned 
temporarily to another task than that 
called for by their regular employment, 
and while so temporarily engaged in re- 
search concerning use of radio in air- 
planes, they made discoveries concern- 
ing the use of alternating current in 
broadcast receiving sets—a subject not 
within their assignment and not being 
investigated by their Section. With the 
consent of their superior they perfected 
their inventions in the Bureau Labora- 
tory and obtained patents thereon. In 
these circumstances the Court held: 

"The bills aver that the inventions 
and patents are held in trust for the 
United States, and that the court should 








so declare. It is claimed that as the 
work of the Bureau, including all that 
Dunmore and Lowell did, was in the 
public interest, these public servants 
had dedicated the offspring of their 
brains to the public, and so held thei 


patents in trust for the common weal 


represented here in a corporate capacity 
by the United States. The patentees. 
we are told, should surrender the pat- 
ents for cancellation, and the respond- 
ent must also give up its rights under 
the patents. 

“The trust cannot be express. Every 
fact in the case negatives the existence 
of one. Nor can it arise ex maleficio. 
The employees’ conduct was not fraud- 
ulent in any respect. They promptly 
disclosed their inventions. Their supe- 
riors encouraged them to proceed in 
perfecting and applying their discover- 
ies. Their note books and reports dis- 
closed the work they were doing, and 
there is not a syllable to suggest their 
use of time or material was clandestine 
or improper. No word was spoken re- 
garding any claim or title by the Gov- 
ernment until after applications for pat- 
ents were filed. And, as we have seen, 
no such trust has been spelled out of 
the relation of master and servant, even 
in the cases where the employee has 
perfected his invention by the use of 
his employer’s time and materials. The 
cases recognizing the doctrine of shop 
rights may be said to fix a trust upon 
the employee in favor of his master as 
respects the use of the invention by the 
latter, but they do not affect the title 
to the patent and he exclusive rights 
conferred by it against the public” (pp. 
196-197). 

In Standard Parts Co. v. Peck, 264 
U. S. 52, it was held that one who is 
employed and paid by another to de- 
velop a process and machinery for 
manufacturing a specified product, and 
who obtains a patent for an invention 
made by him in the course of the 
employment, holds the patent for his 
employer. In the language of Mr. 
Justice McKenna: 

"By the contract Peck engaged to 
‘devote his time to the development of 
a process and machinery' and was to 
receive therefor à stated compensation. 
Whose property was the 'process and 
machinery’ to be when developed? The 
answer would seem to be inevitable and 
resistless of him who engaged the serv- 
ices and paid for them, they being his 
inducement and compensation, they not 
being for temporary use but perpetual 
use, a provision for a business, a facility 
in it and an asset of it, therefore, con- 
tributing to it whether retained or 
sold. . . ." (pp. 59-69). 

Thus it is necessary to have a clear 
understanding as to the. ownership of 
inventions to prevent serious disputes. 
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lews and Summaries 


Army Will Have Trucks, At Least 


Motorization of Army called for two big design jobs: devel- 
opment of all-wheel drives and interchangeability of parts 


WHEELED WAR EQUIPMENT for United 
States defense is now coming off the 
motor industry’s assembly lines at the 
rate of 20,000 per month—production 
unmatched by any other country in the 


world. By the end of 1941 the Army 
will have 237,912 motor vehicles—one 
for each five of the present 1,418,000 
men. One-third of these men will be 
engaged in the transportation of the 
other two-thirds. 

The Army has two kinds of motor 
vehicles. One is “mechanized” or ar- 
mored division equipment, which con- 
sists mostly of tanks. Soldiers ride and 
fight in these machines. The other kind 
is “motorized” equipment, whose func- 
tion is simply hauling. Men ride to 
battle in it, but they don’t fight in it. 

To classify still further, there are two 
kinds of motorization: one is “adminis- 
trative” which means mostly passenger 
automobiles and few trucks. These are 
almost standard commercial vehicles, 
ordered with olive drab paint. The other 
kind is *tactical" vehicles—those which 
accompany the Army in the field. Tac- 
tical vehicles are the big volume and 
the big problem because they are not 
commercially standard. There are five 
sizes of tactical trucks: 14-ton; 114-ton; 
2l5-ton; 4-ton; and 6-ton. The new 
I4-ton “jeep” is the sixth. 

For all of these the Army has 
adopted the 4-wheel drive. They feel 
that four wheels give more than double 
the traction of two. Four-wheel steering 
has been abandoned ; such a truck can't 
get away from a curb. Army had to 
develop all-wheel drives because com- 
merce doesn't use them.  Six-wheel 
drive, for instance, is complicated. The 
engine drives through a conventional 
transmission into a “transfer case” just 
back of the engine. Out of the transfer 
case goes a shaft to the front axle 
differential, which is off center. Back 
from the same case goes another shaft 
into both of the rear axles. In some 
designs, two shafts run separately to the 
rear axles. Because there is no differen- 
tial in the transfer case, all three axles 
must turn at same speed. When the 
truck is not loaded, the front wheel 
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tires are flattened down to a smaller 
diameter than the rear wheels. Result 
is a “scrubbing” action on front tires. 
To prevent this, the front axle is auto- 
matically de-clutched on good roads. 

Next important development job was 
standardization and interchangeability 
of parts. A lesson was learned on this 
in the World War. when 216 makes of 
vehicles were used, including many for- 
eign ones. This number has been re- 
duced to 16, which are variations of the 
six basic types. 

Manufacturers have worked out a 
plan for interchangeability. This has 
been accomplished in conference over 
the last 10 months with the Army and 
the Society of Automotive Engineers. 
Standardization is applied also to gaso- 
line, 3 types of which are now used in- 
stead of 4. There is hope that this can 
be cut to just one, probably 80 octane, 
and one diesel fuel. Engine oil types 
have been cut from 8 to 3; transmission 
oil from 4 to 2; grease from 5 to 3. 
Repair equipment includes 22 different 
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We'll hear more of this in the war 
news, Glenn L. Martin Company hints 
as they release first details of this Mar- 
tin 187 (*Baltimore") medium bomber. 
Built for Royal Air Force, it is said to 
be fastest of its class, capable of out- 
performing many late types of pursuits, 
and equally suitable for bombing or 


types of tool sets. The Quartermaster 
figures that $100,000,000 worth of ve- 
hicles will require $18,000,000 worth of 
spare parts. 

Ford, American Bantam. and Willys- 
Overland are dominant builders of the 
l4-ton 4x4 (first figure is number of 
wheels; last one, the number it drives 
on). Fargo is top on ló-ton 4x4; on 
114-ton 4x4 its Chevrolet; Yellow 
Truck works on 214-ton 6x6; Federal 
Truck makes variations in the 4—5-ton 
trucks and trailers; 4-ton 6x6 goes to 
Diamond T; 5-6-ton 4x4's are built by 


Mack International and Autocar; 6-ton 
6x6's are contracted with Mack and 


Corbett. 


Diesel Cylinder Liners 
Now Induction Hardened 


LONGER-WEARING sleeve liners for 
diesel engines are being produced at 
Caterpillar Tractor Company by induc- 
tion hardening. An induction heat 
“head” that is drawn up through the 
liner heats only the inner surface zone 
to required temperature. This is fol- 
lowed immediately by a controlled water 
quench, giving a hardness of 52 to 55, 
Rockwell C, to a depth of about 0.070 


long-range reconnaissance. Mid-wing, 
deep-waisted design is powered with 
two 1,600-hp. Wright engines; carries 
crew of four. All-plastic nose gives 
bombardier wide visibility; other new 
uses for plastics are intimated. Fifteen 
acres of floor space will be devoted to 
assembly of this ship alone. 
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Chrysalis stage of a nickel.clad 
steel tank car looks like this, as a 6-in. 
layer of spun glass wool insulation is 
applied to the first of American Car and 
Foundrys new all-welded cars. De- 
signed for products such as phenol, solv- 
ents, alkalies, syrups, the lower half of 
the tank is jacketed with steam pipes to 
permit heating of materials loaded and 
unloaded in hot, fluid state. Seams are 
*Union-Melt" welded on outside, hand- 
welded with nickel electrodes on inside. 


Each 10,000-gal. tank is over 32 ft. 
long, 83 in. dia., and is mounted on 
standard truck with special anchor 
welded to tank. No bolts go through 
shell. Wooden cradles support the ends. 
Welded construction eliminates loosened 
rivets caused by mechanical vibration 
or expansion and contraction from hot 
ladings. Tank is annealed after weld- 
ing. Jacket over outside of insulation is 
welded steel. All fittings are either 
nickel lined or pure nickel. 





in. The surface is then tempered to 
slightly lower hardness. While the 
bores are extremely hard, the sleeves 
are not brittle. 

After tempering, the bores are honed, 
and the outside diameter is finish- 
turned. Liners from 10 to 15 in. long 
with bores from 334 in. to 534 in. dia. 
are now in production on machines de- 
veloped by Budd Induction Heating. 


How Inventors Can Aid 
National Defense 


To aid inventors interested in com- 
municating with the Council, the De- 
partment of Commerce has published an 
informative bulletin, “How Inventors 
Can Aid National Defense,” which de- 
scribes the purpose, technical. commit- 
tees of, and procedure suggested for 
the submission of inventions to the 
Council. Instructive literature is also 
listed in the booklet, so that prospective 
inventors may gain a familiarity with 
the military requirements surrounding 
the use of their proposed devices or in- 
ventions, 

Approximately 30,000 communica- 
tions, of which about 16,000 contained 
inventions or inventive ideas, were re- 
ceived by the Council during its first 
six months of operation. 
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Aluminum Research Aimed 
At Aircraft Problems 


WITH GOVERNMENT ARSENALS, even, un- 
der orders to reduce aluminum require- 
ments in ordnance, aluminum producers 
today are concentrating nearly all their 
efforts on aircraft production. Alumi- 
num Company of America, biggest 
producer, not only has been required 
to expand production facilities, but also 
is redirecting the whole broad program 
of their Research Laboratories to con- 
centrate on finding answers to questions 
coming from the aircraft industry. 
Into prominence in the research pic- 
ture has come a new group of colla- 
borators: Army, Navy, Langley Field, 
Wright Field, Army Ordnance, and 
agencies such as National Bureau of 
Standards and National Advisory Com- 
mittee on Aeronautics. To these offices 
go the results of all investigations on 
the mechanical properties and behavior 
of aluminum and magnesium. 
Extensive tests are being carried out 
on fabricating techniques, such as on 
heat-treating, used in the aircraft plants. 
Development of casting techniques for 
magnesium alloys is aiding production 
of aircraft engines. Alloy development 
work gives consideration not only to 
improved physical properties, but also 


gives consideration to production re- 
quirements and the conservation oi 
strategic materials. Modification of 
existing alloys is solving some of thes: 
problems. 

Aluminum production has climbed 
by leaps and bounds since the realiza- 
tion of the impending shortage. Alcoa 
reports the trend of their production, 
in millions of pounds, as follows: 


IL o 287 
OL SA 327 
OE 412 
July, 19810 ........ 600 per year approx, 
July, 1942 ........720 per year approx. 


Most of this increased capacity is in 
castings and forgings. Alcoa released 
to Propuct ENGINEERING the following 
percentage increases in capacity, by 
form, since September 1939: 

June December July 


1941 1941 1942 
Castings ......130 210 
Forgings ......114 163 
Sheet, Plate ... 43 56 103 
Extrusions .... 0 138 


Emergency Standards To 
Help Speed Up Inspection 


Two NEW EMERGENCY defense standards 
which will help the manufacturer to 
spot trouble before that trouble be- 
comes bad enough to cause rejections, 
have been developed by the American 
Standards Association upon the request 
of the War Department. 

Cardinal feature of the method is a 
“Control Chart” on which a running 
record of the results of inspection of 
the product are charted. Two horizon- 
tal lines, called “control limits,” are 
drawn on the chart. When the plotted 
points fall between these limits, the 
production process is “under control.” 

Adoption of this control, it is hoped, 
will lead to acceptance of a product by 
the purchaser based upon the manufac- 
turer’s evidence of control, rather than 
upon the purchaser’s own sampling. 
The Bell Telephone system and other 
companies are already applying these 
methods successfully. 


Do You Know That— 


ELECTRICALLY CONDUCTIVE RUBBER is 
used in the tail wheels of aircraft to 
bleed off static charges, accumulated in 
flight, as soon as the plane touches the 
ground. (52) 


VALVE SPRINGS for automotive en- 
gines are now all made from wire 
which has been given a shotblast treat- 
ment. The process cold works the sur- 
face of the wire, increasing its endur- 
ance limit by 16 percent. (53) 
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ENGINEERING IN WASHINGTON 


McGRAW-HILL WASHINGTON BUREAU, PAUL WOOTON, CHIEF 


British “‘radiolocators” for anti- 
aircraft defense, now in mass produc- 
tion, are the technical talk of the town. 
One fine day His Majesty’s Embassy 
here called the press to sit in splendor 
on its terrace and hear that Britain 
wants a couple of thousand American 
volunteer technicians to service the lo- 
cators, being scattered throughout the 
United Kingdom. Air (Commodore 
George C. Pirie let out only the skimpy 
facts that the devices are in the class of 
heavy machinery, but that they probably 
can be carried aboard planes. 

Diligent inquiry revealed that the lo- 
cator works on the microwave band of 
the radio spectrum. Radio emanations 
of this class are quasi-optical, and they 
can be focused. The transmitter scouts 
the air space where enemy aircraft are 
suspected. When it catches one, or 
more, the wave echoes back. The ori- 
entation of the transmitter gives the 
line on which the plane is located. 
Triangulation on a reading from a sec- 
ond locator gives the exact position. 
Repeated “readings” give the course of 
the plane or planes. Then, when the 
enemy comes close enough, the locator 
enables AA guns to take aim at indi- 
vidual planes without seeing them. 

This is the night bombing defense 
which the British said they were work- 
ing on last winter. They no longer hope, 
as they did then, that it will stop night 
raiding, but they are sure of drastic cur- 
tailment. The locator will aid in attack 
too, because it can follow both attack- 
ers and the enemy, and inform British 
pilots when they are near hostile craft. 

The British said that the locator has 
been turned over to the United States 
Army. They admitted that Germany has 
locator devices but which are not, in 
their opinion, nearly so effective. 


Three automatic cannen are now 
in production for the various branches 
of the Army. An automatic cannon dif- 
fers from a machine gun in that it fires 
explosive shells rather than mere slugs, 
and is of larger bore. The latest auto- 
matic cannon, or “shell gun,” is a 
40-mm. automatic anti-aircraft weapon, 
whose carriage and operation are so de- 
signed that it can be put in action in 
a few minutes. Its purpose is to attack 
low-flying or “hedge-hopping” army 
planes. Heretofore, the hedge-hoppers 
have got away with murder because 
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nothing but rifles and small machine 
guns could get a crack at them. The 
regular AA guns can’t be brought to 
bear quickly enough, and some of them 
have too much elevation except for high 
targets. The new 40-mm. gun fires a 
shell weighing 2.2 lb. One hit from an 
explosive shell usually puts a plane out 
of action, whereas it might fly away 
with hundreds of bullet holes. The 
other two automatic cannon referred to 
above are the 37-mm. and the 20-mm. 
Both of these are adapted to air and 
anti-air use, and to tank and anti-tank. 
We have two sizes of machine guns: 
.90-cal. and .50-cal. The Tommy gun, 
a sort of machine pistol, is .45-cal. 


What this country needs is an al- 
chemist who could turn the Fort Knox 
gold into aluminum. The states of 
Washington and Utah have been using 
aluminum hickies as sales tax money 
and now they have to change to some 
other metal—get off the aluminum 
standard, as it were. The National 
Academy of Sciences has advised OPM 
to call for extensive substitution of sil- 
ver for tin in soldering. Such action, the 
NAS committee said, plus reductions 
already being affected by can manufac- 
turers, would cut consumption of tin 
about 25 percent. 


Artificial fog. in case you want to 
make some after reading how the Nazis 
laid it down on Crete, is probably 
titanium tetrachloride, the same stuff 
the Navy uses for smoke screens and 
which sky-writers use for chalk. We 
inquired around and found nobody here 
who had heard of the stuff being used 
before in land warfare. Everybody ad- 
mitted, though, that it would be terrify- 
ing to retreating and confused men, or 
even to advancing men. Chemists said 
it is probably harmless to lung and 
mouth tissue, You'll probably hear more 
about this newest way of making life 
miserable. 


Torpedo boat carriers are being 
studied by the Navy, upon request of 
the House Naval Affairs Committee, 
even though Admiral Harold Stark re- 
ported unfavorably on a previous sur- 
vey. Admiral Stark said that in 1921 
the Germans converted two ships to 
carry torpedo boats, which were quite 
small then, and that after two years the 





project was abandoned. The Admiral 
adds that these so-called “suicide” boats 
are good only as weapons of oppor- 
tunity; that in heavy weather (at sea) 
they are ineffectual. The new designs 
are big, heavy (36 to 40 tons), and 
fragile, and therefore difficult to handle 
with hoists. Due to their size; only a 
few could be placed on a carrier. The 
possibility of launching them from a 
ramp was studied and found impractical. 


Two tugs and a little ship are 
newly designed by the Maritime Com- 
mission. One of the tugs has a coal- 
burning boiler and a 1,000-hp. com- 
pound steam reciprocating engine. It is 
109 ft. long. The other design provides 
Diesel electric propulsion with one or 
two generators driving through a single 
screw. It is 105 ft. long. The small 
cargo ship, or “coaster,” is 258 ft. 9 in. 
long by 42 ft. 1 in. beam; draft 17 ft. 
11 in.; 2,800 tons deadweight; speed 
10% knots, It is coal-burning with re- 
ciprocating steam engine and single 
screw, and can pass through the Wel- 
land Canal between Lakes Ontario and 
Erie. 


The Army is looking for a tank de- 
stroyer. So far, there is nothing that can 
fight a tank but another tank. Some 
sort of light, agile vehicle, that can run 
around tanks and pour shells into them, 
is needed. Consideration is being given 
to mounting 37-mm. shell guns on the 
little “jeep” cars and letting them try 
it. But losses would be high, and the 
37-mm. shell cannot be depended upon 
to penetrate the new, heavy tank armor. 
If the rule which holds that every new 
weapon soon brings a defense against it 
is true, there’ll be a tank destroyer, 
soon or late. 


Loss of the submarine 0-9 is under 
investigation by the Navy. The sub was 
built in 1918, and the re-commissioning 
of the O-9 and others like it has been 
criticized. Meanwhile, testimony on the 
subject reveals that present undersea 
boats are built to withstand a pressure 
of 300-ft. depth. In 1918 the limit was 
200 ft. The O-9 apparently was crushed 
by water pressure. She was found 440 
ft. down, but it was not known whether 
she collapsed at a lesser depth. Inci- 
dentally, the divers who went down to 
look at her established a world record. 
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New Materials and Parti 





Electric Stop Watch 


Known as the “Time-It” minute 
model. this new electric stop watch is 
run by a synchronous electric motor 
which operates a direct reading indi- 
cating counter. Accuracy is covered by 
the cycle constancy of 115-volt а.с. 
supply. The device integrates to 1.000 
min., reading in full minutes and hun- 
dredths of a minute. It can be reset to 
zero from any reading, or successive 





readings can be totalled. Applications 
include laboratory procedures, time 
study operations, timing of long tele- 
phone calls, motor dynamometer tests, 
etc, The Precision Scientific Co., 1750 
N. Springfield Ave., Chicago, Ill. 


Porous Metal 


“Porex” has two principal functions: 
to remove foreign materials from fluids 
such as oil, and to alter the character- 
istics of gases by diffusion, reducing 
pressures and controlling flow rates. 
Porex is manufactured from powdered 
metal subjected to a series of processing 
operations. Applications for the Porex 
metals are found in almost any appli- 
ance or piece of industrial equipment 





involving the flow of gases or liquids. 
Suggested applications are in pumps, 
refrigerators, fuel lines, lubricating 
systems, oil burners, evaporators, ab- 
sorbers, paint sprayers, premixed gas 
burners and other devices. The new 
filter and diffusing material, for ex- 
ample, is used to prevent clogging of 
orifices in diesel injector nozzles or oil 
burner nozzles. Advantages of Porex 
are in physical characteristics, structure, 
porosity, strength and ductility, which 
can be varied within certain limits to 
suit specific applications. Available in 
disks, sheets, cylinders and truncated 
cones. Moraine Products Div., General 
Motors Corp., Dayton, Ohio. 


Photoelectric Inspection and 
Registration Control 





A simplified system for accurately 
controlling or inspecting cutting and 
printing operations on materials such 
as cellophane, paper, cloth, tin, metal- 
foil, is offered by this new photoelectric 
inspection and registration control Type 
А80. It can also be used for detecting 
the presence or absence of labels on 
cans, the proper location of labels on 
goods, and similar applications. All 
amplifying tubes are standard vacuum 
type. Type A80 control observes regis- 
tration marks from penetration of light 
through transparent and translucent 
materials as well as reflection from 
opaque materials. An impulse of as 
short a duration as 0.001 sec. will be 
detected by the control and converted 
into a controlling operation. Control 





relay remains in operation until the 
controlled circuit has completed its 
function, at which time the unit is 
reset automatically. Photoswitch. Inc., 
21 Chestnut St., Cambridge. Mass. 


New V -Belt Structure 


The cords in the new Super 7 belts 
are smaller, permitting more cords per 
belt with a resulting greater strength 
and less stretch. Each cord is indi. 
vidually imbedded in heat dissipating 
rubber to reduce internal belt degenera- 
tion. These belts are made in matched 
sets to assure uniform. smooth running, 
highly efficient drives. Live rubber 
bottom cushion absorbs the ceaseless 
impacts of operation. Central cord por. 
tion transmits power at the effective 
pitch diameter. The bias-cut fabric pre- 
vents “dishing” and assures transverse 
stability. The two-ply rubber-impreg- 
nated fabric cover prevents destruc- 
tive agents from reaching the vital belt 
elements, resulting in a high grip co- 
efficient between belt and sheave walls. 
All Texrope V-belts are now of this 
design, based on the Vogt formula and 
abundant field experience. Allis-Chal- 
mers Mfg. Co., Milwaukee, Wis. 





Pressure Adhesive Tape 


Pressure-sensitive adhesive tape with 
a 100 percent wool felt backing is manu- 
factured in four different widths; 14 in., 
15 іп., 1 іп., апа 2 іп., with a crinoline 
interliner. The backing itself in finished 
form varies in thickness from 0.050 in. 
to 0.055 in. White is the standard color, 
but it will also be available in other 
colors on orders large enough to justify 
extra-standard production. Industrial 
Tape Corp., New Brunswick. N. J. 


PRODUCT ENGINEERING 


















ИР OM EB ists. nsus 


^ 
E 


“ааыа: 


1 
i 
è 





IRR RS bE siint 


е 


with 
anu- 
4 in., 
oline 
ished 
0 in. 
olor, 
other 
istify 
strial 


4 
E 
| 
| 


ia sini جد‎ 


Explosive Rivets 


Explosive rivets of a new type, with a 
high explosive secreted in a cavity at 
the end of the shank, are “set” by apply- 
ing heat to the rivet head with an elec- 
tric gun which detonates the charge. 
The explosion expands the charged end 
of the shank, thus forming a “blind” 
head. The whole operation is performed 
with greater ease and speed than is 


possible by mechanical means now in 
use in aircraft factories. From 15 to 20 
of these blind fasteners per minute can 
be set by one workman, once they are 
inserted in the holes. The rivets them- 
selves weigh only about one-fourth as 
much as generally used blind fasteners. 
Riveting gun or iron weighs less than 
5 lb. So finely has the explosive charge 
been controlled that the expansion it 
effects can be held within limits of 0.020 
in. Rivets are now available in alumi- 
num alloy in varying sizes and diame- 
ters and with modified brazier heads or 
countersunk type heads. They are in- 
stalled in the age-hardened condition 
and do not require refrigeration after 
heat-treatment. These rivets develop 
shear and tension values approximately 
the equivalent of driven rivets, and are 
anodized to prevent corrosion. E. I. du 
Pont de Nemours & Co., Wilmington, 


Del. 


Solenoids 


New line of solenoids is available in 
a wide range of sizes and strokes. Small 
sizes and short stroke solenoids can be 
used for animated advertising displays, 
coin-operated or pin game devices, elec- 
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tric gongs, etc. Large sizes are used on 
machine tools, feed mechanisms, can- 
ning and bottling machinery, textile 
machines, damper control, electrically- 
operated valves, ratchet mechanisms, 
brakes, clutch levers. Automatic opera- 


tion can be effected by means of limit 
switches, mercury contacts, pressure 
switches, or pushbuttons. Made for con- 
tinuous or intermittent duty and volt- 
ages up to 550 volts, 25 or 50/60 cycles. 
and up to 550 volts d.c. for intermittent 
duty only. Shading coils are correctly 
proportioned for quiet operation; cen- 
ter pole and plunger faces are carefully 
ground. Jefferson Electric Co., Bell- 
wood, ПІ. 


Circuit Interrupter 


This sheet steel, dust-resisting circuit 
interrupter is designed to replace non- 
automatic disconnecting devices used in 
industrial plants, central stations, and 
locations where inclosed, unfused safety 
switches might be applied. High inter- 
rupting capacity and reduced mounting 
space are featured in the new non- 
automatic *De-ion" circuit interrupter. 
These two or three-pole interrupters 
known as NEMA Type 14A, have 50 to 
600 amp. ratings on 250 to 600 volts a.c. 
and 125/250 and 250 volts d.c. lines. 
Rust and corrosion-resisting metals are 
used in all units, and all main contacts 


are of non-welding silver or special silver 
composition. De-ion arc quenchers are 
used to reduce contact burning and 
preserve the contacts. Safety features 
include a cover interlock which pre- 
vents closing of contacts when cover is 
open. Westinghouse Electric & Mfg. 


Co., East Pittsburgh, Pa. 


Matte Transfer Film 
For Sensitizing Metal Plates 


Photographic material for sensitizing 
metal plates for use in the templet 
process that shortens the time between 
engineering and test flights in the air- 
craft industry is now available to all 
industries. (P.E. Aug. 1940, p. 377.) 
With the use of Matte Transfer Film. 
engineering drawings can be printed 
either by contact or by projection on 
these photosensitive metal sheets. The 
processed plates bearing the photo- 
graphic image are then cut out directly 


Lacquered * à 
metal 


and used as patterns or templets. Cut- 
ting is by saw or mechanical shears. 
The photosensitized metal sheets can 
also be filed, drilled and punched. 
The most simple and effective method 
for producing sheets of photosensitized 
metal consists of laminating Matte 
Transfer Film to lacquered metal 
sheets. The film consists of a sensitive 
emulsion coated on a thin film support, 
the latter backed by a paper base. The 
sensitized strip is transferred from the 
supporting paper base to the lacquered 
metal plate. The film has a matte sur- 
face, so that it will take a pencil line 
in case changes or additional develop- 
ments on the processed photographic 
image are desired. Width of Matte 
Transfer Film is limited to 344 in. 
Experts of the Kodak Co. are available 
to anyone interested in designing and 
installing the equipment, similar to 
that of the Lockheed Aircraft Corp. 
illustrated necessary to produce these 
photo templets. Eastman Kodak Co.. 
Rochester, N. Y. 
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Lubricating System 


Centralized to permit high-pressure 
grease lubrication to any number of 
bearings on a given piece of industrial 
equipment, this new progressive lubri- 
cating system delivers a predetermined 
quantity of lubricant to from 3 to 20 
bearings. When the job is completed, 
a visible indicator signals the operator. 
On equipment that involves a large 
number of bearings, Alemite progressive 
lubricating systems can be employed in 
relays. Any type of manually or power 
operated high-pressure grease gun can 
be used with the systems. One system 
or a relay can be installed with ease 
on the most intricate piece of ma- 
chinery. Alemite Div., Stewart-Warner 
1826 Diversey Parkway, Chi- 
cago, Ill. 


Corp.. 


Plastic T-Square 


Particularly adaptable where it is 
desirable to view the entire drawing 
without moving the T-square, the head 
of the Escolite T-square is made of 
black laminated bakelite composition, 
5s in. thick, and the blade is of a crys- 
tal-clear transparent plastic, 0.090 in. 
thick. Eight cone-shaped pins are 
accurately and securely set into the 
head. These pins engage corresponding 


openings in the blade, eliminating 


wobble and automatically taking up 
play. No paper rabbet is necessary be- 
cause the head is held îs in. away from 
blade. A special die-casting and single 





screw holds the entire assembly to- 
gether. The plastic used in the T-square 
will not warp, bolt, chip, crack or split. 
There is no finish to wear off, chip or 
peel. A swivel head can be added at 
any time. Engineering Sales Co., She- 
boygan, Wis. 


Indicating Lamps 


These rugged lamps for visual or 
pilot light indication on switchboards, 
switchgear, panels and controls are 
simple in construction and require little 
panel space for mounting. Special 
material in the color cap allows less 
lamp voltage with equal brilliance and 
corresponding longer lamp life con- 
suming only approximately 4 watts. 
Color caps are threaded and easily re- 
moved and replaced from the front of 





the board. Receptacle is of insulating 
material and mounts from the front of 
the panel through a 34-in. hole. Re- 
sistor slips over the receptacle, taking 
little space. Strong, resilient, metal con- 
tact clips firmly hold the lamp bulb in 
position. Assembly mounts on any 
thickness of panel up to 2 in., without 
counterboring, and projects less than 5 
in. from the face surface of the panel. 


Allis-Chalmers Mfg. Co., Milwaukee, 
Wis. 


Negative Temperature 
Coefficient Resistors 


Resistor material in this new line of 
negative temperature coefficient resis- 
tors is a hard, black, non-metallic sub- 
stance, the chief characteristic of which 
is a decrease in electrical resistance 
with an increase in temperature. This 
property makes the material useful 
where it is desired to reduce or elimi- 
nate initial current surges, to secure a 
time delay or gradual building up of 
the current through a piece of equip- 
ment, to provide temperature compen- 
sation in apparatus or equipment which 
exhibit rising resistance with increase 
in temperature, and for other applica- 
tions where a negative temperature 
coefficient is required. The temperature 
of a resistor made of this material can 
be changed either externally by a 
change in ambient temperature, or 



































internally by heat developed by pas- 
sage of current through the resistor, or 
by a combination of both. Change of 
resistance with temperature change 
occurs in the region of ordinary tem- 
peratures: namely, 0 to 150 deg. C. 
Connections are molded in for perma- 
nent electrical contact. Available in a 
wide range of resistance values, and a 
wide variety of sizes and shapes. Key- 
stone Carbon Co., 1935 State St., St. 
Marys, Pa. 


Splash-Proof Micro Switch 


A precision switch housed in a splash- 
proof, malleable case which can be con- 
veniently mounted from any one of four 
sides for use as an interlock, limit, or 
pushbutton switch, has been announced. 
The variety of mounting positions is a 
feature of the switch. There are two 
tapped holes for No. 10-32 screws on 
each of the four sides. This makes it 
possible to mount the switch directly to 
a machine frame from practically any 
position, whether the switch has the 
roller arm, cross-roller arm, or push- 
rod plunger type of actuation. If lug or 
foot mounting is desired, j5-in. thick 
steel mounting plates can be furnished. 
Switching element is a standard Micro 
Switch. Both types of roller arm are of 
aluminum, adjustable through 360 deg. 
with the roller of a non-sparking mate- 
rial of high concentricity. Overtravel 
on this switch is 90 deg. The plunger 








PRODUCT ENGINEERING 








po а 3 wa 


\ \ \ 


ài 


NG 








type of actuator has a bullet-nose push- 
rod of case hardened steel which moves 
їп а long cadmium plated hexagonal 
bushing. A removable cover provides 
access to terminals. Switch can easily 
be removed for inspection. Micro 
Switch Corp., Freeport, Ill. 


Strip-Chart Recorders 


Many changes have been made in the 
construction of these new strip-chart 
recorders, including the case design, 
chart drive, measuring elements, and 
writing mechanism. They are available 
for recording on a six-inch strip chart, 
d.c. volts and millivolts, d.c. amp. and 
milliamp., pressure, liquid level, flow, 
temperature, motion, and for remote 
recording. The Bristol Co., Waterbury, 
Conn. 





Method for Marking 
Enameled Metals 


Consisting of a steel die application 
to the coated metal under electrically 
controlled conditions, this new method 
of marking enameled metals without 
engraving reduces the marking time. 
Binocular parts, enameled tubes, 
camera parts, instrument cases and a 
wide variety of enameled metal prod- 
ucts can be trade-marked, numbered, or 
otherwise marked by this new process. 
А special machine- to simplify the 
procedure has been developed. The 
Acromark Corp., 251-257 No. Broad St., 
Elizabeth, N. J. 


Industrial Multi-Breaker 


For use on 230-volt a.c. systems, 
this new industrial Multi-Breaker is 
available in 2- and 3-pole forms in 
capacities from 15 to 100 amp. The 
inclosure is dust-resisting with a felt 
gasket between box and cover. Opera- 
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ting mechanism is mounted on the 
cover of the box so that when the 
cover is removed the entire interior 
around the breaker is left free for wir- 
ing. A switch make-and-break mechan- 
ism is also incorporated on the cover 
assembly. Indication of a tripped con- 
dition of the breaker is by the white 
target signal. Front operation of the 
breaker permits close ganging of units, 
and there is provision for padlocking 
in either “on” or “off” positions. The 
breaker units used in industrial Multi- 





Breakers are all common trip so that 
an overload on any pole will cause all 
poles to trip simultaneously. This 
eliminates the possibility of the breaker 
causing the single-phasing of poly- 
phase circuits. A thermal element 
affords a time lag on momentary over- 
loads while a magnetic trip feature 
causes instantaneous tripping on heavy 
short circuits. Square D Co., 6060 
Rivard St., Detroit, Mich. 


High-Pressure Pumps 


Designed to handle comparatively 
large volumes of water for operation of 
hydraulic presses, these Horizontal 
Triplex pumps have three pistons—an 
arrangement which provides a 60-deg. 
overlap in discharge impulses and 
tends to smooth out pump pulsations. 
Designed primarily for pressure in ex- 
cess of 1,000 lb. per sq.in., these Hori- 
zontal Triplex pumps are built in 12, 
15 and 18-in. stroke lengths. They 
are designed for direct coupling to 
125, 250 and 500 hp. motors, respec- 
tively. The 12-in. stroke pump discharge 
ranges from 23 g.p.m. at 7,500 Ib. 
per sq.in. to 160 g.p.m. at 1,000 lb. 
per sq.in.; that of the 18-in. stroke 
unit from 88 g.p.m. at 7,500 lb. per 
sq.in., to 685 g.p.m. at 1,000 lb. per 
sq.in. Other capacities and pressures 





are available. The pump frame is a 


one-piece  semi-steel casting which 
carries the bearings for the rotating 
parts. The gear case, containing double 
helical single reduction gears, is cast 
integrally with the frame. All rotating 
elements are mounted in roller bear- 
ings, except crank ends of connecting 
rods which use steel-backed babbitt 
bearings. Valves are of bronze; seats 
are of stainless steel. The cylinder 
block is one-piece steel forging. Bald- 
win-Southwark Div., The Baldwin 
Locomotive Works, Philadelphia, Pa. 


Sensitive Power Relay 


Latest development in sensitive re- 
lays is the Model BK25 sensitive power 
relay, which has voltmeter accuracy in 
the range from —24 to +99 deg. C. 
Molded base, of Navy-approved mate- 
rial, and silver contacts contribute to 
its claimed perfect performance despite 
vibration or temperature changes. 
Operates on 0.0018 watts. Kurman 
Electric Co., 241 Lafayette St, New 
York, N. Y. 


SOC 42A 
12,4 10C 





Baking Enamel 


A finish which is suggested as a re- 
placement for chromium plating and 
baking enamels rendered impractical 
or unavailable due to defense demands, 
claimed to have remarkable draining 
characteristics, unusual gloss, superior 
color retention, and will not scratch 
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easily. One coat is said to cover with a 
smooth, wax-like finish that will stand 
extreme wear and weather abuse. It is 
said to be free of the tendency to 
thicken, “liver” or disintegrate in the 
dipping tank. It is thinned with oleum 
spirits, and will bake out in 15 min. at 
300 deg. F. Available in all colors, in- 
cluding white. P. D. George Co., St. 


Louis, Mo. 


Machine Tool Enamel 


Faster synthetic enamel for machine 
tool castings, known as Kem Ma- 
chine Tool Enamel, is said to cut many 


hours and even days from the finishing 
time formerly required on large tools, 














and is said to give far greater resistance 
to cutting compounds. The new Kem 
finishes can be applied in 534 to 8% һг., 
four coats, thus permitting work to be 
shipped the same day it is finished and 
assembled. A typical drying schedule 
follows: 


Spray or brush coat 
Zinc Chromate 
d ATTI T TT to30 min. 


» 
Machine Filler ..... 4 to 5 hr. 
Kem Sealer Gray.... 15 1030 min. 
Kem Machine Tool 


DIM .auososcoss, BD. SOND UA 
Dry and crated ..... 1 to 2 hr. 
BE decl 534 to 8% hr. 


Typical machine tool casting finished 
with Kem machine tool enamel is shown. 


Sherwin-Williams Co., Cleveland, Ohio. 


Wide Laminated Shims 


Laminated shim stock is now in pro- 
duction with a 7-in. usable width, per- 
mitting the manufacture of larger joint- 
less shims, and affording greater con- 
venience to purchasers who cut their 
own shims. Lengths are available up 
to 36 in. The new sheets are available 
in overall thickness from 0.006 to 0.125 
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in. All of these thicknesses can be ob- 
tained in all-laminated sheets with a 
choice of 0.002 or 0.003-in. thick lami- 
nations, or various thicknesses can be 


had partly laminated and partly solid. 
Laminated Shim Co., Inc.. Union St., 
Glenbrook, Conn. 


Sheet Metal Fastener 


Designed especially for fastening air- 
craft handhole covers, engine cowling, 
access plates, and similar parts, this 
new Dot cowl fastener can be applied 
to any flat or curved sheet metal sur- 
faces. The fastener is self-aligning, and 
can readily be engaged or disengaged. 
When the stud is turned in a counter- 
clockwise direction, the pin working on 
the under surface side of the cam acts as 
an ejector. In other words, the stud pin 
may pass under the spring during de- 
tachment to force the plate apart 
quickly. This fastener is adapted to 





variations of at least zs» in. in thickness 
without change of location of pin. It 
has approximately Te in. pick up or lift. 
The ends of the spring are rolled up 
to eliminate the possibility of its dig- 
ging into the material in being assem- 
bled. Spring is hardened and cadmium 
plated for rust, corrosion and wear 
resistance. Rivets for standard !4.in. 
hole for attaching spring can be sup- 
plied in cold rolled steel, cadmium 
plated, or aluminum if required. Studs 
are of case-hardened steel with wear- 
resisting pin, cadmium plated. The 














stud is assembled by the simple spring 
ring which can be attached or detached 
easily. United-Carr Fastener Corp., 31 
Ames St., Cambridge, Mass. 


Setscrew Type Lug 


A new solderless “Screw-Tite” lug of 
the setscrew type is made of seamless, 


pure electrolytic copper with a heavy 


brass check-proof shell that reduces 
heating. Full current-carrying capacity 
is evenly distributed from wire to lug. 
Eight sizes are available for No. 14 


wire to 2,000,000 C.M. cable. Each size 
is suitable for a wide range of wire. 
One or two hole types are available 












with square or round ends. Special 
sizes and angular types of Screw-Tite 
lugs are also available. Approved by 
Underwriters’ Laboratories. Ideal Com- 
mutator Dresser Co., 1446 Park Ave., 
Sycamore, Ill. 


Journal Bearings 


Solid and split journal bearings of a 
new and improved line have machined 
bases and faced ends with accurate di- 
mensions, modern rounded lines and 
smooth gunmetal finish. Height to cen- 
ter line of shaft is rigidly maintained. 
Babbitted bores are broached to smooth 
hard surfaces and require no wearing 
in. Both styles are tapped for grease 
cups or pressure fittings. An ample 





storage groove in the top provides 
proper distribution of lubricant. In 
addition, the split bearing has feeder 
grooves on each side. Individual con- 
tainers are furnished for easy handling 
and protection in shipping. Jeffry Manu- 
facturing Co., Columbus, Ohio. 
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Manufacturers' Publications 








Materials 


HYDRAULIC CONTROL Hose—B. F. Good- 


rich Co., Akron, Ohio. Catalog Section 
4030, 4 pages, 84x11 in. Describes func- 


tions of hydraulic control hose, its uses, and 


manufacturing features of the Goodrich line. 
Couplings, spring guards and adapters are 
also listed. 


Packincs — Johns-Manville, 22 E. 40th 
St, New York, N. Y. Form PK.12A, 44 
pages, 83x11 in. In addition to information 
on J-M packing and gasket styles, includes 
handy recommendation tables for proper 
packing selection. 


SrEEL AND TuBES— A. B. Murray Co., Inc., 
145-165 Wolcott St., Brooklyn, N. Y. Stock 
List 3, 60 pages, 44x8 in. Complete listing 
of Murray plates, sheets, tubes, boiler fit- 
tings and heads, and rolled sections. 


TapeE—B. F. Goodrich Co., Akron, Ohio. 
Catalog Section 9270, 4 pages, 84x11 in. 
Illustrates and describes “Two-In-One” 
tape which combines functions of splicing 
compound and friction tape. 


Tuspes—Steel & Tubes Div. Republic 
Steel Corp.. Cleveland, Ohio. Wall chart, 
22x14 in. Compiles electric resistance 
welded tube data on sizes, tolerances, 
weights per foot, chemical analyses and 
physical properties of round tubing, squares 
and rectangles. Data is standard for the 
industry. 


Mechanical Parts 


Air Compressors — Quincy Compressor 
Co., Quincy, Ill. New compressor selector 
which functions like a slide rule aids in 
selecting correct size and type of com- 
pressor for a specific job. 


BALL BEARINGS — New Departure Div., 
General Motors Sales Corp., Bristol, Conn. 
l5th Handbook, 156 pages, 6x8ł in. Lists 
principal types and sizes of forged steel 
bearings. In addition to dimensions, capac- 
ities, tolerances and mounting fits, contains 
new data to simplify the selection of bear- 
ings. The Handbook is finger indexed for 
quick reference. 


BELLows— Fulton Sylphon Co., Knoxville, 
Tenn. Bulletin 130, 28 pages, 84x11 in. 
General treatise on seamless metal bellows 
and bellows assemblies indicates funda- 
mental applications, describes both roll- 
formed and hydraulically-formed bellows, 
and describes various considerations in 
bellows design. 


COUPLED REDUCTION GEARS — Westing- 
house Electric & Mfg. Co., East Pittsburgh, 
Pa. Booklet B-2278, 8 pages, 8àxll in. 
Describes coupled reduction gears for driv- 
ing compressors, line shafts, generators, etc. 
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Cross-section drawings marked with arrows 
show position of important parts and di- 
mensions. 


Cytinpers—Hanna Engineering Works, 
1765 Elston Ave. Chicago, Ill Catalog 
230, 28 pages, 84 x 11 in. Describes full 
line of Hanna hydraulic and air cylinders, 
including valuable engineering data and 
specifications. 


Fasteners—United-Carr Fastener Corp., 
31 Ames St., Cambridge, Mass. Catalog 40, 
32 pages, 84x11 in. Complete line of “Dot” 
fasteners is illustrated and briefly described, 
with prices listed. 


LUBRICATING Systems — Alemite Div., 
Stewart-Warner Corp., 1826 Diversey Park- 
way, Chicago, Ill. Form 22-34, 8 pages, 
83x11 in. Describes new progressive lubri- 
cating system, and illustrates and describes 
all equipment necessary for its installation 
and operation. 


PuMPs—Baldwin Southwark Div., Bald- 
win Locomotive Works, Philadelphia, Pa. 
Bulletin 106, 12 pages, 8àxll in. Well. 
illustrated booklet covers horizontal and 
vertical triplex high-pressure hydraulic 
pumps, high-pressure hand pumps and hy- 
draulic power equipment. 


Pumps—New Jersey Machine Corp., 1505 
Willow Ave., Hoboken, N. J. Bulletin, 6 
pages, 83x11 in. Comprehensive catalog sets 
forth detailed features of the Motoair 
vacuum and pressure pumps. 


SLIP RING STARTER—J. Р. Madden, 342 
Ninth Ave., Bethlehem, Pa. Bulletin, 4 
pages, 84x11 in. Describes the Slip Ring 
Starter, a centrifugal clutch which transmits 
a definite and constant torque at any speed 
of operation. Specifications are given. 


VIBRATION CONTROL — Lord Mfg. Co., 
Erie, Pa. Bulletin 104, 20 pages, 84x11 in. 
Excellent treatise on bonded rubber con- 
struction for vibration control. The booklet 
has much valuable engineering data, and 
includes specifications of Lord mountings. 


V-BeLts—Thermoid Rubber, Div. of Ther- 
moid Co., Trenton, N. J. Engineering 
manual, 80 pages, 83x11 in. Contains com- 
plete information on the new Thermoid V- 
belt drives, covering both the multiple and 
fractional horsepower V-belts and drives. 


Electrical Parts 


E.ectric Propucts—Bull Dog Electric 
Products Co., 7610 Jos Campau Ave., 
Detroit, Mich. Condensed Catalog 411, 
90 pages, 84x10 in. This new catalog 
brings up to date the listing and descrip- 
tions of Bull Dog controlling and distrib- 
uting apparatus for electric light and 
power. 


GENERATOR VOLTAGE REGULATORS—West- 
inghouse Electric & Mfg. Co., East Pitts- 
burgh, Pa. Descriptive data 31-270, 15 


pages, 84xll in. Describes Type BJ 
voltage regulators for generators with in- 
direct acting exciters. Application to 
medium and large a.c. generators, as well 


as synchronous motors and condensers is 
discussed. 


Morons—General Electric Co., Sche- 
nectady, N. Y. Bulletin GEA-3580, 12 


pages, 8x10} in. Contains interesting 


highlights on the design, construction and 
application of the General Electric line 
of Tri-Clad motors. 


Motors—Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. Descriptive data 
4004, 8 pages, 84x11 in. Features of d.c. 
motors for service in mines, mills, and gen- 
eral industry are set forth in this new 
bulletin. Recent improvements are described. 


Mutt1-BrEAKER—Trumbull Electric Mfg. 
Co., Plainville, Conn. Circular 333, 4 
pages, 84x10 in. The new inclosed industrial 
multi-breaker, 2 and 3-pole, 230 volts, a.c., 
is illustrated and described in this bulletin. 


Rotary Converters—Janette Mfg. Co., 
556-558 W. Monroe St., Chicago, Ill. Bulle- 
tin 13-25, 8 pages, 84x11 in. Illustrates and 
briefly describes Janette d.c. to a.c. rotary 
converters, with and without filters. 


SMOKE Detector — Warner Products 
Corp., 1019 W. Lake St., Chicago, lll. 
Bulletin 102, 2 pages, 84x11 in. Describes 
the photoelectric cell adapted to smoke and 
vapor detection in connection with air con- 
ditioning, ventilating systems, and similar 
applications. 


Fabrication Methods 


THERMIT WELDING — Metal & Thermit 
Corp., 120 Broadway, New York, N. Y. 
Booklet 18d, 30 pages, 83} x11 in. De- 
scribes the thermit welding process and 
its application, with profuse illustrations 
explaining the thermit reaction. Con- 
siderable data on the physical properties 
of thermit welds are included. 


Miscellaneous 


Brazep Jorints—Handy and Harmon, 82 
Fulton St., New York, N. Y. “The Best 
Joint Designs for Silver Alloy Brazing,” 8 
pages, 84xll in. Good technical article 
discusses and illustrates most of the con- 
siderations in designing a brazed joint. 


DecIMAL EQUIVALENT CHART — Conti- 
nental Diamond Fibre Co., 8 Chapel St., 
Newark, Del. Wall chart, 23x35 in., gives 
decimal equivalents from ss to l in. Color 
bands facilitate quick reference. 


MrTALLIZzINc—Metallizing Co. of Amer- 
ica, Inc., 562 W. Washington Blvd., Chi- 
cago, Ill. “The History, Purpose and 
Practice of Metallizing,” 52 pages, 83x11 
in. General and broad treatise of metalliz- 
ing includes several pages of data and 
illustrations covering typical applications. 
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Books and Bulletins 








Plastic Mold Designing 


Gorpon B. THAYER—64 pages, illus- 
trated and indexed. 614x914 in. Blue 
clothboard covers. Published by Ameri- 
can Industrial Publishers, Cleveland, 
Ohio. Price $3. 


The task of describing the detailed 
processes of plastic mold design and 
construction is by no means easy since 
factors such as the behavior of plastic 
materials under heat and pressure must 
also be considered along with mechan- 
ical considerations of strength. The suc- 
cess of the mold design depends a great 
deal on the experience of the designer. 
Hence this text, based on practical 
molding experience, and illustrated 
with actual designs, should be of value 
to engineers and molders. In addition 
to a study of compression and injection 
molds, mold steels, the hobbing process 
and shrinkage charts are included in 
this concise handbook. 


Switchboard Instruments 


Epitep By E. Morrov—135 illustra- 
tions, 183 pages, 6x834 in. Blue leather- 
ette covers. Published by Chemical 
Publishing Co., 234 King St., Brooklyn, 
N. Y. Price $2.50. 


This book, another of the “Electrical 
Engineer” series, is an up-to-date survey 
of British practice as applied to elec- 
trical switchboard instruments. Practi- 
cally all the principal types of amme- 
ters, voltmeters, wattmeters, supply me- 
ters, power-factor meters and frequency 
indicators are dealt with from the point 
of view of the engineer who specifies or 
services these instruments in the fac- 
tory, laboratory, or power station. Wir- 
ing diagrams show the principle of 
operation of each type. 


A.C. Motors and Control Gear 


A. J. Corker—125 illustrations, 216 
pages, 5Y%x7% in. Green clothboard 
covers. Published by Chemical Pub- 
lishing Co., 234 King St., Brooklyn, 
N.Y. Price $2.50. 


Each of the dozen or more different 
types of a.c. motors are described in 
detail in this book, which uses many 
illustrations and diagrams of British 
motors to show frame and rotor con- 
struction characteristic of each type. 
The various systems of starting and con- 


trol, varying from simple line-starters 
to more intricate types and pole-chang- 
ing control gear are also described. Cir- 
cuit diagrams showing the internal ar- 
rangements of starters and control gear, 
and showing wiring connections are in- 
cluded. 

Although the book is written primar- 
ily for the factory electrical engineer, 
it has considerable background value to 
the design engineer. 


Mechanism 


Stanton E. Winston—199 illustra- 
tions, 372 pages, 6x8% in. Blue cloth- 
board covers. Published by American 
Technical Society, Chicago, Ill. Price 
$3.50. 


This text on mechanism is published 
as a companion volume to the author’s 
“Machine Design,” and deals only with 
mechanical movements and the combi- 
nations of links and machine elements 
by which these movements are transmit- 
ted. The author does not attempt to 
describe every combination of links and 
mechanisms, but rather emphasizes the 
basic theory of the subject. 

After discussing fundamental consid- 
erations, Mr. Winston deals with mo- 
tion, instant centers and instantaneous 
motion, relative velocities and velocity 
diagrams. Proceeding from these gen- 
eral theories of linkages, the author at- 
tacks special problems of wrapping con- 
nectors, direct-contact mechanisms, 
gears, trains and cams. 

The book contains many graphical 
constructions and Mr. Winston does a 
good job of explaining these, both in 
his drawings and in his text. 


Possible Substitutes 
for Nickel Steels 


80 pages, 6x9. Published by American 
Tron and Steel Institute, 350 Fifth Ave., 
New York. Price 25 cents. 


Increased demands for nickel in defense 
and the difficulties in any program of sub- 
stitution has prompted the preparation of 
data to assist in the selection and appli- 
cation of constructional alloy steels con- 
taining not more than 5.25 percent nickel, 
1.5 percent chromium, 0.75 percent molyb- 
denum, 2.00 percent manganese, 2.00 per- 
cent silicon, and 0.20 percent vanadium. 
It is anticipated that many of these substi- 
tutions may involve changes in fabricating 





methods, heat-treatment procedures, and 
facilities for its control. 

The report was made possible by th. 
fact that the effects of alloying element- 
have been explored and recorded system 
atically. Most of the data, therefore, is 
presented in the form of graphs, charts. 
and tables. Separate parts deal with fou 
classes of carburizing steels (17 pages). 
three classes of thorough-hardening steel: 
(50 pages), and low carbon alloy steels 


(1 page). 


Ball Bearing Shop Manual 


16 pages, 84x11 in. Published by New 
Departure, Div. General Motors Corp., 
Bristol, Conn. 


This excellent manual discusses and 
illustrates nearly every point that comes 
up in the design of seats for ball bearings 
and in the shop handling of the bearings. 
The booklet first discusses the general 
types of ball bearings, their parts and con- 
struction. Many sketches show the rights 
and wrongs of machining, mounting, as- 
sembling, removing, cleaning, lubricating 
and preloading. 


Selection and Maintenance 


Of Rubber Transmission Belts 


Catalog Section 2150, 12 pages, 83x11 
in. Published by B. F. Goodrich Co., Akron, 
Ohio. 


Economical use of flat rubber belting is 
largely dependent on the selection of the 
right belt for the drive and this publica- 
tion leads its reader by logical, orderly and 
simple steps to the solution of what for- 
merly was an intricate engineering prob- 
lem. In addition to discussing the necessary 
correction factors, the bulletin presents a 
chart for Arc of Contact and tables for 
Service Factor, Belt Speeds, Horsepower 
Capacity and Minimum Pulley Diameters. 


Fatigue Tests of Welded Joints 
In Structural Steel Plates 


W. M. Wirson, W. H. Bruckner, J. V. 
CooMsE and R. A. WitpE—Bulletin 327, 83 
pages, 6x9 in. Published by Engineering 
Experiment Station, University of Illinois, 
Urbana, Ill. Price $1. Some copies avail- 
able free. 


Although static strength of structural 
steel is considered 63,000 lb. per sq. in., 
and fatigue strength of machined specimens 
is considered 47,000 lb. per sq. in., early 
reports of welded structures having a fa- 
tigue strength as low as 15,000 lb. per sq. 
in. convinced engineers that fatigue tests 
of welded joints, as large as it was feasible 
to test, were necessary before adopting 
welding for structures. 

Tests described in this bulletin were 
planned to determine: 

(1) The fatigue strength of butt welds 
in §-in. carbon-steel plates. 

(2) The relative fatigue strength of 
welded and riveted joints in low-alloy plates. 

(3) The effect of frequent periods of rest 
upon the fatigue strength of butt welds in 
carbon-steel plates of structural grade. 

(4) The effect of transverse fillet welds. 
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FLUID POWER CYLINDERS 
Piston Head Area, Rod Side 
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Directions for Use: 

A straight-edge laid across these scales solves the equation 

A — (D'—d')r/4 and gives the area of the piston head, less the - 
cross-sectional area of the piston rod. This effective area is used 
in determining piston-rod diameter. 


350 


For the return stroke with an assumed speed of 30 in. per min. at ? 
a fluid flow of 0.425 g.p.m., a straight-edge across the V and 

Q-scales on page 453 gives an effective piston area of 3.27 sq. in. 

Using this value of A and piston diameter of 2.71 in., the straight- 

edge obtains a piston rod diameter (d) of 1.78 in., as indicated. 
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Scrap Separation Pays Dividends 


SHEER NECESSITY is compelling standardization and sim- 
plification in many materials and methods. The “pre- 
ferred steels,” as recommended by the American Iron and 
Steel Institute and now being further simplified and 
reduced in number, will undoubtedly contribute somewhat 
to a greater tonnage of steel production. Unfortunately, 
on that basis alone, the benefit of such standardization to 
the design engineer’s company will be indirect and un- 
measurable. Many designers might feel that there is 
little incentive to minimize the number of different alloy 
steels listed in their bills of materials. But now another 
factor has entered into the picture which will make it 
directly profitable to standardize on the fewest number 
of different alloy steels. 

Most of the alloying metals used in steels have become 
scarce. The total supply of nickel is not much more than 
is required for nickel-steel armor plate, gun forgings, air- 
plane engines and other armaments. Chromium, va- 
nadium and tungsten are about equally scarce. If the 
alloying metals contained in the cuttings from machining 
operations were to be reclaimed, much would be gained. 
For example, in the manufacture of finned cylinders for 
air-cooled engines the scrap is much more than the weight 
of the finished cylinder. 

Recognizing the savings that can be made, the Office of 
Production Management has devised a plan whereby the 
alloying metals will be reclaimed and the manufacturer 
will make a profit. All manufacturers are urged to co- 
operate. The plan is simple. The turnings of the different 
alloys are kept separate; the manufacturer then sells the 
different alloy scrap separately and receives a bonus or 


premium in proportion to the percent of nickel, chromium, 
or other alloy that is in the scrap. If he also briquettes his 
turnings, he receives an additional premium of ten dollars 
per ton. For example, the total premium for 3 percent 
nickel steel turnings briquetted is $22 per ton above the 
scrap price for ordinary carbon steel or mixed turnings. 
Even a medium-size plant will find it profitable to segre- 
gate scrap. 

Obviously, the cost of keeping alloy steel scrap segre- 
gated will be less when fewer different alloys are being 
machined. The seventy-five different alloy classifications 
listed by O.P.M. can be reduced to a small fraction of that 
number by careful selection in the engineering depart- 
ment. Many designers will find it feasible and more 
economical to get along with only a few different alloy 
steels where they formerly used many. 

A conservative average figure is 30 percent machined 
off scrap in the manufacture of a part. If all scrap turn- 
ings were segregated and returned to the steel mills, it 
would mean about 40 percent more alloy steel available 
for the same amount of virgin alloying metals. Not only 
would this contribute greatly to relieving the shortage in 
alloy steels but it would also show a handsome profit to 
the companies that get the premiums on their segregated 
scrap. One manufacturer has estimated an annual profit 
of $12,000 over and above what he receives for mixed 
scrap plus his cost of keeping the scrap separated. 

All design engineers are urged to foster this O.P.M. 
alloy reclamation plan and to bring it to the attention of 
their management as both a patriotic duty and a profit- 
able procedure. 












































































ROLLS-ROYCE ENGINE 


Adapted to U. S. Production by Packard Engineers 


ATE LAST FALL there arrived 
at the Packard Motor Car Com- 
pany a bundle from Britain, 

sealed and bonded. In this bundle were 
more than 2,500 detailed engineering 
drawings and specifications of the de- 
sign of the latest Rolls-Royce engine: 
the Merlin XX VIII—1,300 hp., the 1,450 
lb. power plant of the Hurricanes and 
Spitfires that maintain air supremacy 
over England. A production model of 
the engine arrived at about the same 
time as the drawings. With this idea 
and information Packard was to fulfill 
its contract to build on a mass-produc- 
tion basis Merlin XXVIII engines for 
Great Britain and the U. S. Army with 
the stipulation that no changes in design 
or physical changes affecting inter- 
changeabHity were to be made. 
Before even the plans for production 
could be started, it was necessary that 
Packard engineers make new drawings 
to conform to American drafting room 
standards and practices without affect- 
ing design or interchangeability of 
parts as manufactured in England. 
Complete shop notes had to be placed 
on each drawing. Not until the final 
approved American drawing of a part 
was completed was it possible to design 
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the patterns, dies, jigs, or fixtures re- 
quired for manufacturing. Not until 
all the parts had been studied and 
analyzed was it possible to go ahead 
with the production study to deter- 
mine the machine tools required, the 
shop arrangement and the size of 
plant required. Along with this, two 
buildings had to be designed and 
erected; machine tools ordered, pro- 
cured and set up; patterns, dies, jigs, 
tools and fixtures and gages built. Pack- 
ard can well be proud of the job it did. 
In less than ten months from the receipt 
of the drawings and model engine, two 
new Packard plants began pouring out 
duplicates of the Rolls-Royce Merlin 
XXVIII engines and by December 1941 
mass production will be in full swing. 

The first step was to organize quickly 
and efficiently an engineering depart- 
ment. Col. J. G. Vincent, Vice-president 
of Engineering at Packard was immedi- 
ately appointed to head this new air- 
craft engine engineering division and 
was assigned the task of building a 
complete organization around key men 
of Packard's engineering department. 
As organized, by Col. Vincent, the ac- 
tive coordination of the work of the 
Packard Aircraft Engine Division engi- 


neering department centers in an execu- 
tive engineering committee consisting 
of Col. J. G. Vincent, W. R. Griswold, 
also chief engineer in charge of coordi. 
nating design and production and R. N. 
DuBois also chief test engineer of Pack. 
ard. This executive engineering com- 
mittee consults with Col. T. B. Barring. 
ton of England who advises on matters 
relating to possible design modifications 
that might be deemed desirable, and 
with Mr. J. E. Ellor of the Rolls-Royce 
Company of England on problems re. 
lating to engineering performance and 
power plant installation. 

As shown by the accompanying organ- 
ization chart, service manager Paul 
Dumas, and chief metallurgist W. H. 
Graves tie in with the executive engi- 
neering committee. W. H. Graves has 
charge of all the metallurgical work 
involved. It was his responsibility to 
specify American materials that con- 
formed to the English materials in the 
sample engine. 

It was simple enough to redraw all 
the English drawings which were in 
first angle projection to conform to the 
American practice of third angle pro- 
jection. But there were a number of 
other differences between the English 
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Rolls-Royce Merlin XXVIII as being built by Packard is the same in all details as 
the design called for by the English drawings. But it was no small job to revamp the 
English first-angle projection drawings, put on the information required for American 
practice, and to determine the S.A.E. or special alloys to be used. Another major 
problem was to specify tolerances completely so as to minimize hand fitting 


drawings and American practice that 
were not so easy to reconcile. Although 
the English drawings specified toler- 
ances in most cases but there were also 
many general notations such as, "This 
surface must be square with bore," or, 
"These surfaces must be parallel," 
without any tolerances being specified. 
The drawings also gave no indication as 
to the method of surface finishing to be 
used nor was the quality of the surface 






. finish specified in any manner. 
i Another and even more time con- 
- suming problem was caused by the 
W.H.GRAVES difference between English and Ameri- 
can practice in the thread forms used. 
AIRCRAFT CHEMICAL In view of the necessity of maintaining 
M.L.FREY JN. HIGGINS complete interchangeability between 





American and British made engines, it 


Da irm was necessary to conform to the Brit- 
= TESTING 


ish practice in the thread forms used. 
dif METAL er The problem was further complicated 
U.M. CLARK H.J.ARNOLD by the fact that the British Rolls-Royce 
engine uses three different types of 
thread, namely: British Association, 
British Standard Form Whitworth and 


metric. To complicate matters still fur- 
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ther, some of the threads on the Eng- 
lish Rolls-Royce engine are modified 
forms of these three types. This is no 
criticism of the English design but it 
does indicate the great differences be- 
tween American and English standards 
and practices. 

A study of the drawings also revealed 
that the English design was predicated 
on a considerable amount of handwork 
or handfitting on the assembly line. 
The problem for the Packard engineers 
to solve was how to redesign some of 
the details in order to avoid such hand- 
fitting and yet not affect complete inter- 
changeability of parts. It is significant 
that although the Packard engineers 
were not able to completely eliminate 
handwork on the assembly line, assem- 
bly time was reduced considerably 
through the elimination of about two- 
thirds of the handfitting required on 


the original British design. 


The final problem was to specify 
commercially obtainable American 
alloys for the various parts. The stand- 
ard alloys in the English engine nat- 


urally differed from American S.A.E. 
alloys. It was necessary for the Packard 
engineers to analyze chemically the 


materials used in the sample Rolls- 
Royce engine. This was done by Pack- 
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The American drawings give information not found on the English drawings. Note the dimensioning of the threaded portion ра 
the 
ard metallurgists working under the we 
direction of the chief metallurgist, W. H. It: 
Graves. After the complete analysis had the 
been made, an equivalent S.A.E. or a] 
special steel and its heat-treating sched- fot 
ule had to be determined. Tests of ma 
alloys selected by Packard metallurgists thr 
had to show physicals at least as good an 
as those of the English alloys used. no: 
Before an alloy and its heat-treatment dif 
was adopted, Dr. Lessels, advisory met- Th 
allurgist for Rolls-Royce in England, tio 
was consulted. the 


It must not be assumed that there was 
any fault to find with the English design 
or the manufacturing methods they 
specified. To the contrary, Rolls-Royce 
has been developing designs of liquid- 
cooled airplane engines since the days 
of World War I. Naturally over the 
span of 25 years Rolls-Royce engineers 
have gradually perfected the designs 
of their engines. The present model, 
Merlin XXVIII, was first produced in 
England in April 1941. It is a 60 deg., 
12-cylinder engine with a straight spur 
propeller reduction gear and a two- 
speed centrifugal supercharger. The 
supercharger has semi-centrifugal fric- 
tion drive clutches and an oil-operated 
system for gear selection. Automatic 
metering of the 100 octane fuel used is 
obtained through a specially designed 
Bendix floatless injection type carbure- 
tor. The ignition system includes dual 
magnetos, radio-shielded wiring har- 
ness and 14 mm. spark plugs. 

In order to get into manufacturing 
with all possible speed, the engineering 
division set up a schedule wherein parts 
that required the maximum for manu- 
facturing preparation were redrawn 
first. For example, forgings and cast- 
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ings were classified as “long time” parts. 
Parts that could be machined out of 
stock were classified as “less urgent.” 
The “long time” parts were studied first. 
Every detailed drawing had to be re- 
drawn if for no other reason than to 
change the drawings from first angle to 





When the Packard engineers started their 
work on the English drawings they had 
to get along as best they could in the 
cramped quarters of the only draftin 
room available, as shown in the illustre 
tion above. On the facing page is shown 
the spacious and well-lighted engineering 
department in the new Packard Rolls 
Royce building 
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third angle projection. When the engi- 
neer was given the detailed drawing to 
revamp. he was also given the actual 
part. In de veloping the new drawing 
the engineer worked closely with the 
men from the Packard production de- 
partments. Conforming to American 
practice, as much production data as 
feasible were put on each drawing. Also 
because the English drawings do not 
specify production methods used or the 
quality of the surface finish, it was nec- 
essary to determine the character of the 
surface finish of each of the parts as 
taken from the sample engine. The 
surfaces in question were carefully ex- 
plored with a profilometer and the sur- 
face finish specified accordingly on the 
American drawing. The proper instruc- 
tions were then placed on the new draw- 
ing as to production methods to be used 
in order that the surface finish on the 
sample part would be duplicated. 

The task of specifying the thread 
forms on the American drawings was a 
painstaking one, complicated by the fact 
that many of the bolts, nuts and studs 
were to be furnished by sub-contractors. 
It was necessary to specify the taps and 
the go and no-go gages. To this end, 
a large chart in blueprint form about 
four feet wide and eight feet long was 
made. On this chart were listed the 
thread sizes, screw sizes, nut sizes. fit 
and pitch diameter, tap sizes, go and 
no-go gage dimensions for all of the 
different sizes and thread forms used. 
This list included the British Associa- 
tion, British Standard Form, the metric, 
the Whitworth and modified Whitworth 


PH ak ya a van" ’ 
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threads and the straight pipe threads. 
The work of making this chart was 
under the direct supervision of chief 


engineer Griswold and his assistant 
R. S. Kellogg. 
A study of the British drawings 


seemed to indicate that often the British 
practice is to make the parts to close 
dimension and then fit by hand methods 
to the necessary. Apparently 
this method of assembly is used for 20 
or more different parts on the English 
Rolls-Royce engine. However, it is a 
method of assembly that is not suitable 
for the American production practice. 
For example, the British practice is to 
make spacing washers oversize on their 
thickness. In the assembly the spacing 
washer face is ground down until the 
proper space or clearance is obtained. 
Not only is this a time consuming op- 
eration which holds up the assembly 
line but it also requires that skilled 
labor be used because a man on the 
assembly line must do the grinding. To 
avoid this situation, the Packard engi- 
neers decided to detail the drawing for 
such spacers to call for 25 standard 
spacers varying in thickness by steps of 
0.002 in. On the assembly line it is 
then merely a matter of selecting the 
thickness of spacer which gives the de- 
sired clearance. This procedure makes 
possible quicker assembly. avoids the 
necessity of skilled labor and no time is 
lost in additional machining operations. 

In thé accompanying illustration is 
shown the design of adjusting washer 
as designed by the English engineers. 
This particular washer is interposed be- 
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tween the extended hub of a gear and a 
ball bearing inner race in order to ad- 
just the backlash of the gear. It will 
be noticed that the English drawing has 
a notation “grind this face for adjust- 
ment” and also carries the notation, 
“grind to suit.” The Packard drawing 
specifies the thickness of the washer as 
an A dimension and calls for spacers 
of 26 thicknesses ranging from 0.070 
to 0.120 in. in steps of 0.002 in. It will 
also be noticed that the Packard draw- 
ing indicates the profilometer reading 
of the surface on the face of the spacer. 
It was also found necessary to check 
the English drawings against changes 
that might have been made after the 
drawings had been sent to Packard. 
For example, when the foundry draw- 
ings were compared with castings on the 
sample engine, it was found that the 
wall thicknesses of the rough casting 
were 1/16 to 1 in. greater than the 
thickness indicated on the English draw- 
ings. When this matter was called to 
the attention of the English representa- 
tives, it was explained that the British 
departure from the drawings was often 
dictated by experience or production 
changes which in these instances re- 
sulted in an increase of wall thickness 
and of fillet radii on the castings by 
1/16 to 44 in. With a number of sup- 
pliers furnishing the castings for Pack- 
ard, it was necessary to have the cast- 
ing drawings accurate and the draw- 
ings had to be changed accordingly. 
Wherever slight changes were neces- 
sary, the problem was taken up in detail 
with the resident British engineers and 
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Finish all over. 
All holes and sharp corners to be burred 
0.005 to 0.0/5 unless otherwise specified 


Allowable variation on dimemsions of 
finished sur faces is plus or minus 0.0/0 
unless otherwise specified. 


Allowable variation on casting dimen- 
sions Is plus or minus 1-32 and on 
forging dimensions plus /-16 minus 
0.000 unless otherwise specified. 
Remove scale from forgings. 

Remove sand and tins from castings. 
forging draft angles 7 deg. unless 
otherwise specified. 

Dot and dash lines indicate rough stock. 





thoroughly discussed with them before 
adoption. Also in view of the fact that 
these engines will also be used by the 
U. S. Army Air Corps, their engineers 
were also consulted. One change origi- 
nating in Britain after the drawings 
were sent to Packard, was the use of 
a two-piece engine cylinder assembly 
instead of the one-piece design in former 
Merlins. Because it was much easier for 
the factory to make this assembly in 
two pieces instead of one, this change 
was highly desirable. It is possible that 
a number of other changes of that na- 
ture would have further simplified the 
manufacturing problems, but it was felt 
that the necessity for interchangeability 
and the high requirements of these 
engines for planes operating in combat 
service with the throttle wide open most 
of the time, made it impossible to adopt 
major revisions or simplifications as 
there was no time available to make the 
thorough tests that would have been 
required. 

However, the Packard engineers did 
request one major change which did not 
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ADJUSTING WASHER — Packord Drawing 


In the English design the adjusting washer was made to maximum thickness and ground to suit at assembly. 
calls for 26 washers of graduated thicknesses. On the assembly line the clearance is measured and a washer of correct thickness selected 


fall within the category of changes per- 
mitted under the “duplication” clause 
of the contract. The Rolls-Royce Merlin 
design calls for the seven bearings for 
the six-throw crankshaft to be “bored- 
in-place.” From a design standpoint 
this method of aligning bearings is per- 
fectly satisfactory but it not only re- 
quires much more skilled labor and 
time but also causes interruption in the 
assembly line. The Packard engineers 
recommended the use of precision steel- 
backed bearings instead of “bored-in- 
place” bearings. Although the pre- 
cision’ bearings are considerably higher 
in first cost, they permit much quicker 
assembly and can even be used in the 
British built engines when necessary 
to do so. 

A fair idea of the speed efficiency 
and effectiveness with which Packard 
engineers and production men worked 
to get the Rolls-Royce Merlin into pro- 
duction can be gained by a compari- 
son with the progress made in the manu- 
facture of Liberty engines for World 
War I. Although the Liberty engine 


T] 
i 
1.725 "aia. 


/ d AN Grind 


ЛЧ 
© = 

р (Тоо | 
S 

+P [ote] » ^ ^ v [600594 | 
S Jone » ^ » ” 1800595 
Kj » —- — 7 07 [60059 
o 

* 600591 
& 600590 
88 MÀ 
و‎ TT 
+! 

© 

S 600572 
Q 

3 600571 
* 

$ 600570 
S 

© 





2.050 ° dia. 


L 


` 
تاکن س 
سد 


Machine all over 


ADJUSTING WASHER 
British Drawing 





























The Packard drawing 


had 1,000 fewer parts than the Merlin, 
which has a total of more than 2,500, 
no Liberty engine was delivered to 
France before the Armistice on Novem- 
ber 11, 1918, almost two years after the 
Liberty engine project had been inaugu- 
rated. Of course, the Liberty engine 
was an entirely new development 
whereas in the case of the Rolls-Royce 
Merlin there were all the advantages of 
25 years’ engineering development. But 
this does not detract from the fact that 
in less than one year, Packard engineers 
revamped completely more than 2,500 
detailed drawings and Packard produc- 
tion men built two new plants, assem- 
bled and installed all the production 
machinery, and got production into full 
swing. 

Actual delivery of the first engines 
was made on August 2, one to Britain 
and one to the U. S. Army. The event 
was celebrated by a world-wide short- 
wave broadcast, during which an R.A.F. 
pilot *somewhere in England" gave the 
command that set engine No. 1 roaring 
on the test block. 
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ACRYLIC PLASTICS 


Their Applications and Light Piping Characteristics 


Plastics Sales Manager, Rohm & Haas Company 


ANY DESIGNERS know how 
extensively cast acrylic sheets 
are being used by the aircraft 

industry for transparent cockpit inclo- 
sures, blisters and observation turrets. 
These sheets are actually clearer than 
glass, a great deal stronger and less 
than half as heavy as glass, and they 
can be cut with ordinary saws, ma- 
chined, carved and drilled with the 
usual metal working equipment and 
cemented in strong transparent joints. 

The use ef acrylic sheets, which have 
high impact strength, to replace glass 
over the dials of gages and other indi- 
cators where glass would be a hazard 
because of its fragility, has become 
widespread. If desired, the installa- 
tion can be made waterproof by taking 
advantage of the fact that being thermo- 
plastic, the acrylic resin material sof- 
tens when heated and can be easily 
formed to shape. When cooled, it will 
retain this shape until it is reheated 
when, because of its so-called elastic 
memory, it will resume its flat sheet 
form. To make a tight, waterproof 
joint, therefore, the sheet is heated and 
formed to the shape of a dome, snapped 
into position in the mounting ring of 
the gage, and heated again, upon which 
the sheet tends to flatten, forming a 
tight, waterproof joint. Waterproof 
acrylic resin cements may also be used 
for this purpose, alone or in combina- 
tion with gaskets. 

Because acrylic resins are thermoplas- 
tic, the sheets can be made readily into 
curved inspection windows in all types 
of machinery. After heating in an or- 
dinary oven and then shaping over a 
wooden form—to fit any strategic part 
of a machine, the sheet can be mounted 
securely and simply. 

Transparency can also be a big safety 
advantage. In the G & W Electric 
Company’s subway switch, for example, 
an acrylic resin sheet permits the oper- 
ator to make sure the switch is open 
before working on the switch. Trans- 
parency, as well as the need for curved 
sections also dictated the use of this 
material in the re-styled Tel Autograph 
telescriber, the strength of the acrylic 
sheet reducing breakage both in assem- 
bly and in service. 

In industrial applications, the acry- 
lics are also useful because of their 
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resistance to most chemicals, to alka- 
lis, to non-oxidizing acids, to oils, to 
solutions of inorganic salts, and to 
almost any chemicals except organic 
solvents and lacquer thinners.  Be- 
cause particles of abrasives bounce from 
its resilient surface, causing only minor 
damage, acrylic resin sheets can often 
outlast glass many times over on grind- 
stone guards and in applications where 
scratching is a serious factor. If the 
minor scratches eventually obscure 
vision through the sheet, they can be 
polished out on soft linen buffing wheels 
using fine polishing compounds. 

When a large number of any one size 
and shape of gage glass or inspection 
window is required, further advantages 
can be obtained by molding the piece 
rather than fabricating it from sheet. 
In the molding operation, particles of 
granules of the resin are heated and 
put under pressure until they soften 
and fuse into moldings identical with 
the mold in shape. Molding eliminates 
almost all of the ordinary fabricating 
operations and can also eliminate costly 
assembly operations and complicated 
mounting devices. 

Take the case of the General Electric 
relay cover as an example. Before the 
advent of acrylics, a glass to cover the 


face of the relay would have been cut 
to size and mounted in a metal bezel 
with a rubber gasket which, in turn, 
would have been screwed to the relay 
housing. Instead, General Electric 
molded a cover in one transparent piece. 
For the sake of appearances, a black 
rim was painted around the edge of the 
transparent moldings but there is no 
other assembly operation. The break- 
age, of course, both in manufacturing 
and in service, was materially reduced; 
and possibly most important, it gave 
the relay an extra selling advantage. 

A large gage manufacturer has in- 
geniously molded a thread onto his 
gage cover which enables him to screw 
his durable, crystal clear molding 
directly into the housing. It is also 
possible to mold a flange or rim which 
can materially simplify mounting with- 
out sacrifice of strength. 

These simplified mounting arrange- 
ments have also been used by leading 
manufacturers of radios and automo- 
biles to whom assembly costs are vi- 
tally important. But they have also 
used an extra advantage of acrylics— 
the ability to pipe light from edge to 
edge with remarkable efficiency. A 
light bulb placed at the edge of these 
moldings provides even, glare-free illu- 





Here are shown the limits of bend angle and curvature radius for cast acrylic parts 
that are to conduct or pipe light 
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Indicating the right and wrong way of designing a molding 
so as to get uniform intensity of light over all the markings 


mination of every marking molded into 
the piece. In the Philco automobile 
radio, compact design prevented the 
installation of the bulb directly at the 
edge of the dial, but a curved Crystal- 
ite molding piped the light around the 
corner. 

The accompanying diagram explains 
this light piping and also reveals its 
limitations: 


l. Acrylic sheets or moldings will 
pipe light only around a curve, the 
radius of which is greater than three 
times the thickness of the molding. 

2. They will pipe light through a 
sheet bent to an angle of 42 deg. or 
less. 

3. The markings in the molding must 
be arranged properly if an equal in- 
tensity of light is to reach all of them. 


Besides these optical limitations, 
there are several practical ones. The 
first is that it is dificult to concentrate 
enough illumination into the edge of 


Cast acrylic covers for switch boxes have the advantage that 
the position of the switch can be seen without opening box 


Physical Properties of Acrylic Resins 


(The figures shown in the following table are calculated from standard A.S.T.M. tests 
on standard pieces at 30 deg. C. and are subject to variation with changes of molding 


conditions or shapes of pieces.) 


POWDER 


Molding Temperatures 
Molding Pressure 
Compressive Ratio 


MOLDED 


Refractive Index............... 
Light Transmission 
Specific Gravity 
Specific Volume 
Tensile Strength........ 
Compressive Strength... . 
Flexural Strength 
Impact Strength 

(Charpy unnotched bar 1 in. 


__ sq.) 

Mold Shrinkage 

(Cold mold to cold piece)... . 
Shrinkage after Molding 

(30 days at 140 deg. F.)..... 
Thermal Expansion 
Specific Heat 
Water Absorption by Weight 


COMPRESSION 
300 to 360 deg. F. 
2,000—4,000 Ib. /sq.in. 
1.7 to 2.0 


90 to 92 percent 
1.19 


23.2 сиіп. ЛЬ. 
1,000—6,000 Ib. /sq.in. 
10,000—15,000 Ib. /sq.in. 
9,000—12,000 Ib. /sq.in. 


1 to 2 ft.lb. 
0.001 to 0.005 in./in. 
0.001 in.—0.006 in. /in. 


8x10—/deg. C. (Approx.) 
0.4 cal./deg. C./gm. 


INJECTION 


325 to 450 deg. F. 
Medium to high 
2 to 2.4 


1.49 1.49 
90 to 92 percent 
1.18 
23.5 cu.in./lb. 


10,000—11,000 Ib. /sq.in. 


3 to 4 ft.Ib. 
0.004 to 0.006 in. /in. 
0.006 to 0.015 in. /in. 
0.4 cal./deg. C./gm. 


0.3 to 0.4 percent 
1.3 to 1.5 percent 
Very good 
Slow 
Excellent 


any sheet or molding to permit com- Equilibri С": КЕЕ 
fortable reading of printed matter under шы Кириб» ^ Very м 
the light transmitted at the other edge. } 


Burning R Slaw 

Second, the accompanying diagrams as- Excellent 
sume an optically perfect surface free 

of dust and even minor imperfections. 
While the surfaces of cast acrylic sheets 
and properly molded Crystalite can 
closely approximate this perfection, 
they do fall short of it. And dust we 
have always with us. 

Despite these limitations, a small 
light bulb with only the simplest kind 
of reflector provides satisfactory illu- 
mination for a dial six to eight inches 
long, even though that dial may be 
bent to a fairly sharp angle. Most of 
the molded dials used on 1941 cars are 
more than a foot long and are lighted 
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Machining Properties 
Heat Distortion Point 
(A.S.T.M. D-48-37) 


125 to 165 deg. F. 


125 to 140 deg. F. 


(A cans 


by only two bulbs, one at each end of 
the dial. 

While most of the foregoing discus- 
sions have centered on dials molded 
from powder, most of the considerations 
also apply to dials, nameplates and 
other markings stamped into cast acry- 
lic resin sheets. Before stamping or 
punching the sheet, it is necessary to 
warm the sheet in hot water or on a 
steam table. By heating the sheets to 


higher temperatures and using greater 
pressures, it is possible to emboss the 
surfaces with deep designs, rosettes and 
scrolls to obtain decorative effects. 
Stamping dies are usually less expen- 
sive than molds and stamping is, there- 
fore, used when quantities are small, 
or when the size of the piece involved is 
larger than molding facilities available 
can accommodate. 

In the plastics industry, countless im- 
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provements in materials, equipment and 
molding processes are rapidly pushing 
back frontiers which were hitherto con- 
sidered sacred. One excellent example 
of a large molding is a bowl-shaped part 
for hair driers. It is more than 13 in. 
in diameter and weighs slightly more 
than 26 ounces. It is compression mold- 
ed, and, included as integral parts are 
a number of flanges to direct the air 
current when the drier is in use and to 
facilitate mounting in assembly. It is 
a piece which as recently as a year ago 
might well have been considered im- 
possible. 

Within the last year the plastics in- 
dustry has also come to change its con- 
ception of the limitations in injection 
molding of thick sections. The radiator 
ornament on the 1941 Pontiac—a piece 
weighing six ounces and more than a 
half-inch thick in some sections—was 
injection molded this year for the first 
time. 

Drug stores have recently been fea- 
turing an equally impressive demonstra- 
tion of heavy sections molded by injec- 
tion machines. They are Pro-phy-lac-tic 
brushes molded by Pro-phy-lac-tic after 
a number of custom molders had re- 
fused to undertake the job. These 
brushes illustrate still another advan- 
tage of acrylics based on their crystal 
clarity. By the addition of small 
amounts of dye, delicate tints may be 
obtained which add immeasurably to 
any item where appearance is a sell- 
ing factor. The permanence of the 
acrylics’ crystal clarity through years 
of washing and weathering is also an 
important advantage obtained by the 
use of this material. 

Designers can also look to the air- 
craft industry which has used cast acry- 
lic sheets longer and more extensively 








Because cast acrylic sheets are virtually unbreakable they have 
been preferred for many applications such as this one 
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than any other industry. Back in 1936, 
these were used in windows and occa- 
sional flat sections to replace glass or 
other, less stable, plastics. The light 
weight, high impact strength, and per- 
manent transparency were all impor- 
tant. It was not long before further 
improved methods of installation were 
developed. 

The ease in forming the sheet led to 
its use in landing light covers and cock- 
pit enclosures or “green houses.” Now, 
observation turrets and machine gun 
blisters are appearing on America’s 
bombing planes and giving today’s pilots 
the important tactical advantage of all 
around visibility. More recently, air- 
craft radio engineers have been using 
acrylic resins to enclose radio antennae 
because they found that they did not 
interfere with radio reception and that 
these plastic housings permitted the 
mounting of antennae several feet from 
the nearest metal part without loss of 


reception efficiency. Numerous other 
applications of acrylic resins in the de- 
sign of aircraft are in process of devel- 
opment. 

As is true for every material of con- 
struction, best results are obtained only 
when full consideration is given to all 
of the production methods to which the 
material is inherently suited. In the 
case of acrylic resins these include not 
only their easy machinability and form- 
ability but also the ease with which 
pieces can be “welded” together. (See 
P.E. March 1940 for designs of sheet 
mountings. ) 

Not every industry will demand as 
much of the acrylics as aircraft design- 
ers have, but many will benefit from a 
study of these unusual plastics. They 


are not miracle materials; they have 
their limitations; but the acrylics hold 
out rich rewards to the designer who 
recognizes all their possibilities for 
product improvement. 





One of the first fields of general application for cast acrylics was in airplanes. Light. 
ness, toughness and ease of application made this material ideal for windows and 
inclosures. The sheets can be bent readily to any desired curvature after warming 





Ability of acrylic resin to pipe light makes it a highly suitable 
material for the manufacture of illuminated dials 





Modern Designs 
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Balance and Light Weight for Control 


“To make a floor polisher which would guide as easily 
as a vacuum cleaner required a combination of proper 
weight balance and a floating handle which would isolate 
vibration and shocks from the operator,” said G. A. Zim- 
merman, vice-president of The Dumore Company, in dis- 
cussing the new Johnson Streamliner floor polisher. 

“By using properly located weights, H. S. Smith and 
J. H. Nelson, of our engineering staff, were able to balance 
the effect of the rotating forces. And by isolation of the 
handle with rubber and with friction damping, operator 
fatigue was reduced. 

“Problems of light weight and sufficient power to drive 
an ll-in. diameter brush were solved by using die-castings 
and stampings and a high-speed universal motor which 
made possible a high power rating in a small space.” 


Tubular steel handle, aluminum die-cast bail, aluminum 
die-cast motor cover and stamped steel brush housing are 
finished in cherokee red enamel which is applied immediately 
after parts are polished. Leather bumper is riveted to housing. 


r-Dre-cas* bail 
/ 


Plate with 
hex opening 
keeps bolt from 


7 Guard 
/ 


n 
,r Housing 


\ 
Clock spring washers 


Frietion type hinges join bail to polisher. Steel collar is 
die-cast into end of bail. Spring thrust plate acts against clock 
spring washer, which in turn presses against face of insert. 
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Other side of insert bears against steel washer. Bail lock is 
narrow steel loop which acts against knob on bail to hold 
handle vertical. 
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Lea 


ds from 


bail to motor 
arid light 


Worm ground in steel motor shaft drives bronze worm- 
wheel on end of shaft which drives sprocket below. Breather 
allows for expansion of oil which heats up due to high-speed 
operation. Chicago Rawhide neoprene seal keeps oil from 
motor. Gear box is covered by neoprene gasket and steel 
plate, both stamped in one operation. Chain drive reduction 


Die-cast aluminum cover contains 10 percent silicon to 
get necessary strength in the thin section. Fins in aluminum 
die-cast motor housing help cool oil in the gear box, air 
being drawn in through the grille at the front of cover, over 
the armature and expelled underneath gear box and out 
the grille at rear. Blower is staked to armature shaft. Air 
is drawn in through the center of first plate and expelled 
over the edge of second plate. Worm on end of shaft has such 
a lead that oil is not pumped back against the oil seal when 
motor is in operation. 


Deco 


Me Bottom of gear box 
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gives brush rotation of about 76 r.p.m., motor speed being 
over 10,000 r.p.m. Tension on roller link chain is adjusted by 
three hex head bolts which pass through slots in brush hous- 
ing into motor frame. Five socket head screws fasten brush 
holder plate to collar around the grease sealed ball bearing 
supported stub shaft. 
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LZ Brass clip 


Operator fatigue is reduced by isolating handle by rubber 
washers. Rectangular washer takes only compression and is 
used to take normal pushing loads. Round washer cushions 
smaller pulling loads. Ferrule is machined from aluminum 
bar stock. Rubber washer and bushing are kept from turning 
by integral cast knob. Bent end of round wire spring holds 
receptacle handle and bushing in position. Brass clip holds 


plug and wire in bail. Trigger type control operates a Cutler- 
Hammer switch which is housed in die-cast pistol grip handle, 
to start and stop motor. 
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Discharge unit and pump bracket 
sub-assemblies and sectionalized 
castings are used in Monitor 
Silent Flow deep well pumps to 
permit easy servicing and also to 
permit discharge unit to be 
placed at any underground depth 
without extra equipment. Hous- 
ing consists of top and bottom 
casting and a casting to cover dis- 
charge unit. Cast motor base 
fits in T-slots in housing. Cast 
bracket for upper end of pump 
rod bolts to cast slide. Quiet op- 
eration is claimed as a result of 
machining all moving parts to 
close fits and tolerances, using 
herringbone gear drive, equaliz- 
ing upstroke and downstroke 
load on motor, and using cast 
iron inclosure. 


S/ots for cast 
motor base 


Electric or gasoline motor drives needle and ball bear- 
ing mounted pinion shaft through V-belt. Motor and weight 
of the pump rod operate discharge unit, packing tube and air 
pump, which forces air and water into the pressure tank, 
thus cushioning downstroke and balancing the motor load. 
The lower crankcase serves as an oil reservoir in which the 
herringbone drive, gear and lower bearings are splash 
lubricated. The pump slide is split to keep head in alignment 
and also to facilitate assembly operations. 
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MODERN DESIGNS — Sub-Assemblies for Servicing 







Pressure valve and automatic 
Shut-off va/ve 


Galvanized or porcelain 
enameled tank 







Red wrinkle” 
finish 








Reservoir 
fin slide 
/ 
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—Slide rod 
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tubular 
„Brass 
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O// in base 





Herringbone drive gear and pitman bearings operate 
in same plane to reduce overhang from well center, yet 
provide clearance to remove pump cylinder. Valveless pump 
delivers oil to top of slide. Openings in slide casting carry 
oil to polished steel guide rods and to pitman upper bearing. 
Packing tube has triple-leather plunger, one inverted wiper- 
leather serving to clean the cylinder. Air pump intake and 
exhaust valves are rubber seated. Valve chatter is dampened 
with brass compression springs. 
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Die-Formed Bus Body 


Air Scoop 


One piece stationary 


glass unit 


Baggage compartment. 


Body and chassis of the Flexible Clippers are built as a 
unit, almost entirely arc welded, to give maximum strength 
and durability with minimum weight. Buick engine is 
mounted on three cylindrical rubber sleeve-type bushings, one 
at the front end and two at the flywheel end. Engine with its 
accessories is mounted in cradle in longitudinal direction 
giving straight drive to the center of the rear axle. Cooling 
air is taken in by the scoop at the top of the bus and passes it 


Die formed steel body posts, gusset plates, braces, 
brackets, cross members and longitudinal members are used 
to secure uniformity of shape. Main frame members run 
entire length of bus. Cross members extend entire width of 
body between steel body posts. No structural steel sections 
are used, all pieces being specifically designed for their par- 
ticular loading. Front end construction features six heavy 
gage formed steel vertical diaphragms attached at bottom 
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down air tunnel over motor in same direction as in a front 
motor bus. Air is finally drawn out through louvers in the 
engine cradle pan. Tubular type radiator is above the engine. 
Either can be serviced without disturbing the other. Kysor air- 
operated automatic shutter at the top of the air tunnel main- 
tains constant motor temperature. Fan shroud is part of 
engine compartment instead of part of rear engine door as 
heretofore. 


to heavy member across ends of main frames and at top to 
heavy cowl member. Top bumper is backed up by one-piece 
square seamless steel tubing which is welded to all vertical 
front end members and to belt rail assembly on each side. 
Roof bows are steel stampings. Steel roof panels and body 
panels are riveted to the frame. Silentex is sprayed on inside 
of panels for sealing and along with 1% in. thick Air-Cell 
provides insulation. 
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Breather 
ver. 


Breathing action, as explained by 
E. B. Karns, street lighting engineer of 
the Westinghouse Electric & Manufac- 
turing Company, is created in any 
totally-inclosed street lighting luminaire 
when the volume of air inside the unit 
is decreased because of cooling, a par- 
tial vacuum being formed when the unit 


Tractor truck frames, which sup- 
port the track, are pivoted on a heavy, 
stationary, high-carbon steel shaft 
pressed into the transmission case. Allis- 
Chalmers now uses Torflex bushings of 
the type shown in the illustration be- 
low, instead of grease lubricated bronze 
bushings formerly used to take the oscil- 
lation of the trucks about the shaft. 
Outer steel shell is fastened to truck 
frame bracket and inner shell is keyed 
to the pivot shaft. Rubber bonded be- 
tween them flexes sufficiently for the 
small angle of oscillation. 





MODERN DESIGNS = Breather for Luminaires 


Breather slots and watershed 


Section A-A 


Assembly view 
showing one of the 
two watersheds 





is cooled suddenly by rain or snow. In 
such weather conditions water will be 
drawn in instead of air. Inclosed 
pendant luminaires of the Westinghouse 
Reflectolux, Jr. type have breather vents 
in. the form of small diagonal slots, cov- 
ered with weather-proof felt gasket, 
built into the canopy. These breather 
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Sectional side view 
of watershed 
and “breather” 


N 
Ñ 
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View B-B 
Bottom view of 


watershed and 
breather" system 


vents are closed to keep out bugs and 
also prevent light from being emitted. 
Flange over each breather prevents 
water from flowing into the vent or 
being drawn in by the breathing action. 
All other points where moisture might 
possibly enter are closed by weather- 
proof felt gaskets. 
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bushings 
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Revises in Bills 


The only metal in this combination 
luggage rack for Greyhound coaches is 
in the steel sheet formed braces, bolts, 
nuts and washers. All the other material 
is composite laminated sheet known as 
“Fybre-Tech” produced by Technical 
Plywoods. The composite sheet consists 
of two sheets of Peerless insulation (Na- 
tional Vulcanized Fiber) 0.015 in. thick, 
resin bonded in a hot-plate press to the 
surfaces of a plywood sheet to give a 
total thickness of z in. The sheets are 
light and strong, can be bent to a l-in. 
radius and can be easily cut, drilled or 
punched. They are waterproofed after 
punching the Y& in. vent holes and 
forming. The design shown here also 
incorporates the ventilating duct and 
the channels for the tubular lamps for 
indirect lighting as an integral part of 
the baggage rack and also serves as a 
duct for the electric wiring. 





Molded phenolic resin replaces the 
wrinkle finished one-piece steel stamp- 
ings formerly used for the housing ele- 
ment in the Minnesota Mining and Man- 
ufacturing Company tape dispenser. 
The two-piece housing is held by the 
friction fit between the outer surface of 
a hub or boss on one of the two molded 
housing pieces fitting into the bore of a 
hub on the other piece. The metal cut- 
ting edge, an S-shaped stamping, is held 
snugly between three knobs which are 
molded integrally with the housing 
moldings. The metal cutting-edge stamp- 
ing also serves to hold the two-parts 
molded housing in alignment. Design is 
by Barnes and Reinecke; moldings are 
by Waterbury Button Company. 
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of Materials 





Cast aluminum guard for coil wind- 
ing machine was formerly made by 
General Electric Company with a small 
glasš window which permitted only lim- 
ited observation of the operations. 
Transparent plastic, methyl methacry- 
late, was selected to replace aluminum. 
Advantages in addition to overall trans- 
parency include one piece construction 
and a weight of only half that of the 3 
lb. aluminum and glass guard. 
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MODERN DESIGNS - Materials Revises 


Aluminum ice cube trays are now 
being supplanted by trays of porcelain 
enamel, ‘tinned steel and plastics. Engi- 
neers of the Norge Division of Borg- 
Warner developed the design shown 
here. Tray is stamped out of thin sheet 
steel and coated with white Vinylite 
which is odorless, tasteless and has no 
affect on water or foods. Because the 
steel is thin and the Vinylite is elastic 
even at refrigerator temperatures, the 
tray can be flexed easily to eject the 
ice cubes. The grid in the tray is rubber. 








(continued ) 


Surface and mechanical noises 
are claimed reduced by use of molded 
plastic, instead of metal, tone arm for 
Webster’s new Crystal Pick-up because 
of damping properties of the plastic. 
Weight was reduced to such a point 
that additional weight had to be added 
for proper balance. Part of the needle 
cartridge is molded integrally as a pro- 
duction economy. Durez molding was 
made by General Molded Products Com- 


pany. 





MorpEp PrasTics are now used for 
shields and rims of the new Sellstrom 
safety goggles. Only metal used is in 
vent screens which clip in opening in 
side of shield. A high-impact, high 
strength Durez, phenolic resin, is used. 


Woop, long neglected as a product ma- 
terial, is again getting deserved atten- 
tion. A number of manufacturers are 
replacing die-cast handles with handles 
and knobs of turned wood coated with 
resin finish. They have very much the 
appearance of plastic moldings and if 
designed properly, will last the life of 
the product. 


CHANGES IN MATERIALS used in General 
Electric Company roasters and acces- 
sories for electric ranges, include: 
Utensils for the smaller of the two 
G-E roaster models will be of glass 
in place of aluminum. The larger 
roaster will henceforth offer a choice 
of glass, pottery or enamel utensils. 
Single wall aluminum outer shell of 
the “thrift cooker” for the “C” line of 
General Electric ranges has been re- 
placed with a double-walled shell; 
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inner wall is sheet steel finished in 
ground coat porcelain enamel; outer 
shell is heavily tinned steel. 

Cooker pail on G-E ranges, type C, 
has been changed from aluminum to 
porcelain enameled steel with all in- 
terior surfaces white. The porcelain 
enamel is a special mix free of lead, 
arsenic, antimony and other materials 
that might contaminate food. 

Lead-antimony die-castings replace 
zinc die-castings for the shifter handle 
on a washing machine wringer. The 
die-cast zinc cover of this wringer has 
been replaced by a plastic cover. 

Decorative zinc die-castings on auto- 
mobile instrument panels, hood em- 
blems and horns are being replaced by 
antimony-lead die-castings. 


PORCELAIN ENAMELED grids are replac- 
ing aluminum grids in Spiegel waffie 
irons. Grid is cast iron, with best results 
obtained by using porcelain enamel 
ground coat only on underneath side. 
White porcelain enamel, which had 
tendency to craze, has been replaced 
by a frit of different character and tan 
color. 


Cast Iron is getting more attention. 
One manufacturer of compressors uses 
Meehanite cast crankshafts instead of 
forged steel. Two years of customer use 
have indicated the ability of the Mee- 
hanite crankshafts to give trouble free 
operation. 


FLASHLIGHT BATTERY CASE of molded 
Beetle, urea formaldehyde, replaces 
metal case formerly used. Molded by 
Rathburn Molding Corp., case is made 
in four colors—ivory, red, blue and 
black. Two halves are hinged by spring 
clips. Hand button closes contact 
against base of lamp, spring opens 
contact when button is released. 


MOLDED LAMINATED phenolic resin Text: 
olite sheaves are being used by General 
Electric on wire enameling machines. 
Sheaves have ball bearings and are in 
sizes up to 8 in. in diameter. They 
replace the aluminum sheave used pre- 
viously. It is reported that the plastic 
sheaves do not pick up the coating from 
wire, the plastic apparently having à 
lubricating effect that prevents abrasion 
of the wire coating. 
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COPPER ZINC ALLOYS — II 


Fabricating Characteristics and Physical Properties 


R. A. WILKINS and D. S. BUNN 


Revere Copper and Brass Incorporated 


ART I of this article, August P.E., ease of hot working increasing as the ing this amount of lead. The alpha-beta 


covered the alpha brasses, those copper content decreases. While lead brasses are most commonly fabricated 
containing 64 percent or more is virtually insoluble in the alpha by hot processes since they are most 
copper. This article discusses the alpha- brasses and as such interferes with hot plastic under those conditions. 
beta brasses, those containing from 55 rolling, there is reason to believe that The alpha-beta brasses become in- 
to 64 percent copper. the beta phase will hold up to 1 percent creasingly difficult to cold work as the 
The alpha-beta brasses are much of lead in solution, since it is possible copper content decreases. With less 
easier to hot work than the alpha; the to hot-work alpha-beta brasses contain- than about 58 per cent copper, they are 


Table VII—Deep Drawing Brass 


Copper 68 percent — Zinc 32 percent 





GENERAL DATA — STRIP 


PROPERTY Harp (1) Sorr (2) Units 

Tensile strength 85—96 15-49 1,000 Ib. per sq. in. 
Apparent elastic limit 55-60 10 1,000 Ib. per sq. in. 

Yield strength 0.50 per cent extension 64-65 11 1,000 Ib. per sq. in. 

Yield strength 0.20 percent '' offset "' 79-86 11-12 1,000 Ib. per sq. in. 

Yield strength 0.10 percent “ offset ”’ 70-77 11-12 1,000 Ib. per sq. in. 
Elongation (3) 3 55-70 Percent in 2 in. 

Rockwell hardness F 106—109 59 1/16 in. ball — 60 kg. load 
Rockwell hardness B 85-92 13 1/16 in. ball — 100 kg. load 
Rockwell hardness G 60—70 1/16 in. ball — 150 kg. load 


Rockwell superficial 15-T 90-92 57-58 1/16 in. ball — 15 kg. load 

Rockwell superficial 30-T 78-80 8-5 1/16 in. ball — 30 kg. load 

Endurance limit 21 7 1,000 lb. per sq. in. 

Young’s modulus of elasticity 15,000,000 Lb. per sq. in. 

Melting point 1,725 Deg. F. 

Density 0.307 Lb. per cu. in. 

Coefficient of expansion 0. 0000200 Per аа C. from 25-300 
deg. C. 

; Electrical conductivity 21.20 Percent 1.А.С.5. at 68 

deg. F. 

Thermal conductivity 69.70 B.t.u. per sq. ft. per hr. 


per ft. (deg. F.) 


(1) Refers to 6# hard — 0.100-0.015 mm. grain size at ready to finish. 
(2) Refers to 1,200 deg. F. anneal (one hour at temperature). 
(3) Apply to strip only (all tests conducted on 0.040 in. stock). 





Table Vill—Common High Brass 


Copper 66 percent — Zinc 34 percent 





| GENERAL DATA — TUBULAR RIVET WIRE 





| Rop FORGINGS 
PROPERTY Harp (1) SOFT Corp (2) Corp (3) Units 
Tensile strength 90 12 15—73 80 1,000 Ib. per sq. in. 
E Apparent elastic limit 55 5 14-50 52 1,000 Ib. per sq. in. 
| Yield strength 0.50 percent extension 55 13 22-52 54 1,000 Ib. per sq. in. 
Yield strength 0.10 percent '' offset "' 59 11 20-57 57 1,000 Ib. per sq. in. 
Yield strength 0.20 percent “ offset ” 65 13 22-62 63 1,000 Ib. per sq. in. 
| Elongation 60 15 52-18 17 Percent in 2. in. 
r Reduction of area 65 78 75—68 66 Percent 
Endurance limit 21 16 1,000 Ib. per sq. in. 
Modulus of elasticity 15,000,000 Lb. per sq. in. 
: Rockwell F 104 60 16-102 103 60 kg.— 1/16 in. ball 
1 Rockwell B 82 { 34-79 81 100 kg.— 1/16 in. ball 
1 Brinell 136 56 70-128 135 500 kg.— 1/16 in. ball 
a Crass CUT араат тась RT e E eae m aR AEE SSSI in ith ASAT таа 
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(Continued on next page) 
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commercially unsuited for any cold- 
working operations. The brasses con- 
taining between 60 and 62 per cent 
copper are suitable for parts requiring 
light cold-working properties, while 
those above 62-64 percent cold work 
with slightly more difficulty than the 
alpha brasses containing 65 percent 
copper. 

Like the alpha brasses, the alpha-beta 
brasses can be rendered soft after cold- 
working operations by annealing within 
the temperature range of 700 deg. F. to 
1,400 deg. F., depending upon the 


properties required The alpha-beta 
brasses however, can be hardened 
slightly by quenching from the anneål- 
ing temperature. | 
The alpha-beta brasses, being of low- 
est copper content, and hence with) a 
greater percentage of beta phase, pbs- 
sess the highest tensile properties and 
the lowest ductility of any of the copper- 
zinc alloys. The alpha-beta brasses with 
the higher copper content approach| in 
ductility and strength the alpha brasses 
containing 65 percent copper. | 
Muntz Metal containing 60 percent 


` 


copper, the most important of the alpha. 
beta brasses, and known also as yellow 
metal, has an electrical conductivity 
slightly higher than that of 70-30 brass. 
has extremely good hot working proper- 
ties over a wide temperature range, and 
possesses the highest tensile strength 
and lowest ductility of all of the 
brasses. 

Muntz metal is widely used for 
panels, grilles, tube sheets and baffe 
and support plates in heat exchangers. 
Muntz metal is fabricated to sheet and 
strip, plate, rod, bar and tube. 


Table VIII—Common High Brass (continued) 





GENERAL DATA — COMMON HIGH BRASS STRIP 





PROPERTY 
Tensile strength 
Elongation 
Elastic limit 
Rockwell hardness B 
Endurance limit (at 10° reversals) 
soft 
44 hard 
84 hard 
104 hard 
Young's modulus of elasticity 
Melting point 
Density 


Harp (4) Sort (5) 
84—93 44-46 
5 63410 
54—58 10 
88—92 58470 (6) 
13.5 
15 
17.5 
20 
14,000,000 
1,700 
0.306 


Units 
1,000 Ib. per sq. in. 
Percent in 2 in. 
1,000 lb. per sq. in. 
1/16 in. ball — 100 kg. 


1,000 lb. per sq. in. 
1,000 Ib. per sq. in. 
1,000 Ib. per sq. in. 
1,000 Ib. per sq. in. 
Lb. per sq. in. 
Deg. F. 

Lb. per cu. in. 





PHYSICAL DATA FOR COMMON HIGH BRASS AND' TUBULAR RIVET WIRE 





Melting point 
Coefficient of expansion 
Electrical conductivity 
Thermal conductivity 
Density 


Forging range 
Type structure 


1,700 
0.0000202 
26.8 
69 


0.306 


Single phase — alpha 


Deg. F. 

Per deg. C. from 25-300 deg. C. 

Percent I.A.C.S. 

B.t.u. per sq. ft. per hr. per ft. 
per deg. F. 

Lb. per cu. in. 

Deg. F 





(1) Refers to rod under | in. dia. and cold drawn 50 percent. 
(2) Material cold forged from soft rod (5-40 percent reduction of 


area). 


(3) Material cold forged from cold worked condition (40 percent). 


respectively. 


(4) 64 hard — 0.070-0.015 grain size at ready to finish 


(5) Refer to 1,100 deg. anneal (1 hr. at temperature). 


(6) Rockwell F — 1/16 in. ball — 60 kg. 





Table [IX—Brass Rod 
Copper 63 percent — Zinc 37 percent 


PROPERTY 
Tensile strength 
Apparent elastic limit 
Yield strength 0.50 percent extension 
re “ ” 
Yield strength 0.10 percent “ offset 
re ’ 
Yield strength 0.20 percent “ offset ” 
Elongation 
Reduction of area 
Endurance limit 


Melting point 


Coefficient of expansion 


Electrical conductivity 
Thermal conductivity 


Density 





Ron FORGINGS 
Hanp (1) Sorr Cor» (2) Corp (3) Units 
88 47 51-80 83 1,000 Ib. per sq. in. 
60 12 25-53 56 1,000 Ib. per sq. in. 
51 16 31—52 б 56 1,000 Ib. per sq. in. 
65 15 | 21-51 '" 61 1,000 Ib. per sq. in. 
14 16 30—65 10 1,000 Ib. per sq. in. 
15 60 50-18 16 Percent in 2 in. 
60 15 73-63 62 Percent 
22 17 1,000 Ib. per sq. in. 
15,000,000 Lb. per sq. in. 
104 T4 87—100 103 60 kg.— 1/16 in. ball 
86 35 50—82 84 100 kg.— 1/16 in. ball 
145 11 83-135 140 500 kg.— 10 mm. ball 
1,680 Deg. F. 
0.0000205 Per deg. C. from 25- 
300 ag. С. 
27.6 Percent I.A.C.S. 
71 B.t.u. per sq. ft. per 
hr. per ft. per deg. F. 
0.304 Lb. per cu. in. 


(1) Refers to rod cold drawn 50 percent and for rod under 1 in. dia. 
(2) Material cold forged from soft rod (5—40 percent reduction of area). 
(3) Material cold forged from cold worked condition (40 percent). 
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Table X—Muntz Metal 


Copper 60 percent — Zinc 40 percent 





GENERAL DATA — ROD 


























Rop ForRGINGS 

PROPERTY Harp (1) SOFT Hor Corp (2) Units 
Tensile strength 80 52 56-60 56-62 1,000 Ib. per sq. in. 
Apparent elastic limit 50 17 12-19 25-30 1,000 Ib. per sq. in. 
Yield strength 0.50 percent extension 51 22 17-22 30—35 1,000 Ib. per sq. in. 
Yield strength 0.20 percent “ offset "' 66 22 16-22 25—35 1,000 Ib. per sq. in. 
Yield strength 0.10 percent “‘ offset ” 51 22 15-20 25-35 1,000 Ib. per sq. in. 
Elongation 20 48 55—45 15—40 Percent in 2 in. 
Reduction of area 58 70 70-60 65-60 Percent 
Endurance limit 25 21 1,000 Ib. per sq. in. 
Modulus of elasticity 15,000,000 Lb. per sq. in. 
Rockwell F 104 84 75-78 90—95 1/16 in. ball — 60 kg. 
Rockwell B 88 49 33-45 57-67 1/16 in. ball — 100 kg. 
Brinell 151 82 69-79 91-106 10 mm. ball — 500 kg. 
Forging range 1,250-1,450 Deg. F. 
Forging quality excellent 
Type structure Two phase structure — alpha + beta 

GENERAL DATA — STRIP 

PROPERTY Harp (3) Sort (4) Units 
Tensile strength 91-93 56—58 1,000 Ib. per sq. in. 
Apparent elastic limit 61 13 1,000 Ib. per sq. in. 
Yield strength 0.50 percent extension 65—66 15.5—18 1,000 Ib. per sq. in. 
Yield strength 0.20 percent '' offset "' 11-81 15.5-17.5 1,000 Ib. per sq. in. 
Yield strength 0.10 percent “‘ offset ’’ 68-72 15-17 1,000 Ib. per sq. in. 
Elongation 5 15-52 Percent in 2 in. 
Young's modulus of elasticity 15,000,000 Lb. per sq. in. 
Rockwell hardness F 108 14 60 kg. load — 1/16 in ball 
Rockwell hardness B 90 33 100 kg. load — 1/16 in. ball 
Rockwell hardness G 66 à 150 kg. load — 1/16 in. ball 
Rockwell hardness 15-T 90 72 15 kg. load — 1/16 in. ball 
Rockwell hardness 30- T | 77 37 30 kg. load — 1/16 in. ball 
Endurance limit 25,000 21,000 Lb. per sq. in. 

GENERAL DATA — TUBE 

PROPERTY Harp (5) Sort (6) Units 
Tensile strength 88 59 1,000 Ib. per sq. in. 
Elongation 12 19 Percent in 2 in. 
Elastic limit 82 15 1,000 Ib. per sq. in. 
Rockwell hardness F 109 73 1/16 in. ball — 60 kg. 
Young’s modulus of elasticity 15,000,000 Lb. per sq. in. 

PHYSICAL DATA 
Melting point 1,660 Deg. F 
Coefficient of expansion 0. 0000208 Per deg. C. from 25-300 
deg. C. 
Electrical conductivity 28.6 Percent I.A.C.S. 
Thermal conductivity 13 B.t.u. per sq. ft. per hr. per 
ft. per deg. F. 

Density 0.303 Lb. per cu. in. 





AVAILABLE CREEP DATA 


(Hot rolled to 0.750 in. dia. rod; grain size alpha constituent 0.020 mm.) 





Rate or CREEP PERCENT PER 1,000 Hr. 





0.01 0.10 1.00 
Srress TO PRODUCE DESIGNATED RATE OF CREEP, 
Temp. Dec. F. No MEASURABLE FLow LB. PER SQ. In. 

300 up to 7,500 9,000 12,000 17,000 

400 approaches zero 2,000 4,750 11,500 
(1) Refers to rod cold drawn 30 percent; rod under 1 in. dia. (4) Refers to 1,300 deg. F. anneal (one hour at temperature.) 
(2) Material cold struck from forged condition. (5) Cold drawn to 3/4 in. x 0.049 in. 
(3). 65 hard — 0.045—0.015 mm. grain size at ready-to-finish. (6) 1,200 deg. F. anneal (one hour). 
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ALTERING WOUND SPRINGS 






To Modify Their Deflection Kates 


ECAUSE of the difficulty of main- 
taining exact dimensions during 
the winding of helical springs 

and subsequent heat-treatment, the com- 
mercial tolerance of the spring scale is 
usually plus or minus 5 percent of the 
desired value. For some applications 
such as weighing devices and governors, 
it is necessary to reduce this tolerance 
to closer limits. Since it is almost im- 
possible to get the exact scale desired 
except by trial, a method will be de- 
scribed here for estimating the amount 
of alteration required when making 
changes to improve the scale. 

If it is desired to increase the scale, 
that is, make the spring stiffer, active 
coils can be removed since the spring 
scale is inversely proportional to the 
number of turns. Thus, if a given spring 
has 11 active turns and a scale of 60 lb. 
per in., and it is desired to increase this 
scale to 63 lb. per in., the number of 
turns should be reduced to 60/63 x 11, 
or 10% turns. 

In order to make such a change it 
may be necessary to anneal the spring, 
cut off the required number of turns 
and then increase the pitch of the coils 
to maintain the desired free or assem- 
bled length. This should be followed by 


A. H. CHURCH 


New York University, College of Engineering 


heat-treatment to restore the strength 
of the wire. 

The scale can be decreased by placing 
the spring on an expansion arbor or 
mandrel, and then grinding some mate- 
rial from the outer portion of the wire, 
that is, decreasing the outside diameter 
of the spring. Care should be taken 
throughout the operation to insure that 
excessive stresses are not induced in the 
wire, as a permanent set would ruin the 
spring. 

In discussing the effects resulting 
from altering the full circular wire 
section to one which is partially flat, 
these symbols will be used: 

R=mean coil radius of spring, in. 

R' — original mean coil radius of spring, in. 

X — amount of spring ground away, in. 

P —load on spring, lb. 

L —length of wire, in. 

r-— radius of wire, in. 

c=distance from center of gravity of 
section to the point of max. stress in the 
wire, in. 

T —torque on wire, in. lb. 

S=maximum torsional stress in the wire, 
lb. per sq. in. 

K=spring scale, lb. per in. 

J — polar moment of inertia of wire cross- 
section, in.* 

G=shearing modulus of elasticity, lb. 
per sq. in. 


The basic helical spring equation for 


Table I — Values of K,/K. and S;/S. 








VALUES OF 
Х /ғ a 10 8 6 1 

For K:/K: CURVES 

0.0 1.0000 1.0000 1.0000 1.0000 1.0000 
0.1 0.9649 0.9704 0.9718 0.9763 0.9788 
0.2 0.9073 0.9207 0.9241 0.9298 0.9414 
0.3 0.8395 0.8615 0.8672 0.8767 0.8961 
0.4 0.7650 0.7949 0.8026 0.8157 0.8427 
0.5 0.6884 0.7250 0.7345 0.7508 0.7849 
0.6 0.6116 0.6532 0.6642 0.6831 0.7231 
0.7 0.5356 0.5807 0.5928 0.6136 0.6584 
For S,/S: CURVES 

0.0 1.0000 1.0000 1.0000 1.0000 1.0000 
0.1 1.0364 1.0344 1.0339 1.0331 1.0315 
0.2 1.1022 1.0968 1.0955 1.0932 1.0887 
0.3 1.1922 1.1810 1.1784 1.1741 1.1656 
0.4 1.3073 1.2906 1.2865 1.2796 1.2651 
0.5 1.4526 1.4277 1.4215 1.4112 1.3905 
0.6 1.6350 1.5996 1.5905 1.5759 1.5464 
0.7 1.8671 1.8174 1.8050 1.7843 1.7430 








the spring scale, that is, load which 
will deflect spring one inch, is 

GI 

LR? 

Since the spring length L is practically 
equal to 2 x RN, and also for a given 
material G is constant, 


Ew 





AK = Л L Rè? " Л R’, a) 
K, \L, R? Jz uv 


in which the subscripts 1 and 2 denote 
properties of the spring before and after 
grinding respectively. The basic equa- 
tion for torsional stress is 
ái nn Тс Ре 
= 
For a given loading condition P will 
be constant. The factor c is difficult to 
determine for sections of wire partly 
ground away, since they are no longer 
circular. If the amount ground off is 
not great the error in assuming c con- 
stant and equal to r will probably be 
small. Then 


5» Ji К» 


To use Equations (1) and (2) it is 
necessary to obtain expressions for the 
polar moment of inertia J, and the 
radius R, of the section remaining after 
grinding in terms of the amount ground 
off X, or the angle a. Fig. 1 shows a 
dimensioned section through the wire. 
The point A is the center of gravity of 
the original wire section, while O is the 
center of gravity after grinding, the dis- 
tance between them being d. By apply- 
ing the principles of determining the 
properties of an area, expressions can 
be obtained for the section that remains. 





2 sin?a 
d = -r 
3 (r—m) 


J about point O 


| 7—m sin?a cos v 
= T - —— - 
2 à 


4 sino 
— - 3) 
9 ( -—m )] ' 


where m = x — sin x cos X 


The radius R 


2 sina r 
= Е еен == P nm - - 4 
Е-4=Е | 3 veer | (4) 


To establish a relationship between X 
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and z, it can be seen from Fig. 1 that 
X-—r-—rcos& 


or — = 1—cosa 
r 


By using symbols for the terms in- 
closed in brackets in Equations (3) and 
(4), they can be written as 


= Cir‘ and R = R'C—-a 
and the values of C; and C, which are 
independent of the actual dimensions of 
the spring can be plotted against X/r. 
Then Equations (1) and (2) may be 
written as 


K | Ст (R' Car? 
K: (R' "T Car)? C jor 
L(.R-Cer Y Ca 5) 
т R'—Car Cis » 
1 Sı = p R' —Car) 4 Cj : 
"C. Car (R' Car) 
d _ R'—Car : С; 6) 
"4"N-u Са - 


Since Equations (5) and (6) are 
rather cumbersome to use, values have 
been calculated for S,/S. and K,/K. and 
listed in Table I, these are plotted 
against X/r for various values of R’/r 
in Fig. 2. With these curves, the percent 
of the wire radius to be ground off for 
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any desired change of spring scale can 
be found readily. The corresponding 
increase in stress can be read at the 
same time. 

To illustrate the use of Fig. 2. assume 
a spring having these dimensions and 
properties: 


Mean coil diameter...... 1.625 in. 
Wire diameter........... 0.227 in. 
Spring scale... ... .. 80.6 Ib. /in. 


50,900 Ib. /sq.in: 


Stress under max. load. . 





Fig. I—Round wire with part of cross- 
section ground away, with dimensions 
that are used in determining the proper- 
ties of the remaining section 





Suppose it is desired to reduce this 
spring scale to 75 lb. per in., that is to 
75/80.6 or 0.93 of the original value by 
grinding. The ratio of R'/r — 1.625/ 
0.277 — 1.15. By interpolation of Fig. 2, 
the value of X/r — 0.193 so the amount 
to be ground off is 0.193 x 0.227/2 — 
0.0219 in. The value of S,/S. for X/r — 
0.193 is 1.09, so that 1.09 x 50.900 or 
95,500 lb. per sq.in. will be the new 
maximum stress. 

To determine the accuracy of. the 
curves of Fig. 2. a spring was mounted 
on a mandrel and the outside diameter 
reduced six times to a final value of 
X/r of 0.626. After each grinding the 
spring was removed from the mandrel 
and the scale measured. In addition, the 
change in spring scale for a single cut 
on eleven other springs for values of 
X/r ranging from 0.97 to 0.825 were 
obtained. It was not possible to deter- 
mine the maximum stresses in the wire, 
so no data were obtainable for the S,/S, 
curves. The seventeen points obtained 
agreed quite well with the curves, the 
maximum difference being 9 percent, at 
X/r = 0.626, and the average 2.3 per- 
cent. In general, the theoretical curves 
give values of K,/K. about 2 percent 
above the test values. This is within the 
accuracy to which the distance X can be 
measured. 





Fig. 2—Curves for determining the percent of wire radius to be ground off for any desired change of spring scale 
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HYDRAULIC CIRCUITS-1I 






Selection of Controls for Typical Systems 


P. N. OBERHOLTZER 


Development Engineering Department, American Engineering Company 


DVANTAGES which are inherent 
in the use of water and of oil for 
operating hydraulic units of ma- 

chines were described in Part I of this 
article, August Propuct ENGINEERING. 
The first installment also analyzed 
typical circuits for single-acting rams 
and described a method for controlling 
the speed of a double-acting ram when 
driven by а constant-displacement 
pump. 

Double-acting rams in systems having 
reversible variable-displacement pumps, 
as shown in Fig. 6, do not require oper- 
ating valves. Reversible pumps are sup- 
plied with manually or pressure-oper- 
ated controls to change the direction of 
their stroke or discharge. Since the 
areas on each side of the piston are 
different, the circuit must be supplied 
with what is known as a differential 
valve which permits the excess oil from 
the work side of the cylinder to be dis- 
charged back to the reservoir when the 
ram is on the return stroke. 

Variable stroke pumps are furnished 
with a number of different types of con- 
trols. Some manufacturers combine both 
fixed-displacement pumps and variable- 
displacement pumps in one unit. Con- 
trols are supplied which may be man- 
ually, electrically, or hydraulically oper- 
ated. One of the important assets of the 
variable-stroke pump is utilized when 
pressure-responsive controls are sup- 
plied. 

In certain types of presses, work is 
done only in the last small portion of 
the ram stroke. With variable-stroke 
pumps, controls may be used that will 
decrease the pump discharge as the re- 
sistance or pressure increases until the 
pump is discharging only sufficient oil 
to maintain a desired holding pressure. 
The effect of this type of control is to 
decrease the required motor horse- 
power. Performance of such a control 
in a typical installation is shown in Fig. 
7. For this installation a fixed-displace- 
ment pump would require 17 hp. input 
or a 20 hp. motor to provide a required 
holding pressure of 2,500 lb. per sq.in. 
With a pressure-responsive control, max- 
imum horsepower would be developed at 
some predetermined pressure below the 
maximum, in this instance at 1,500 lb. 
per sq.in. after which the pump dis- 
charge would automatically decrease 
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until at the holding pressure a minimum 
input of 3 hp. would be required to hold 
a pressure of 2,500 lb. per sq.in. Fig. 7 
indicates that a maximum of 10 hp. 
would be required for a constant deliv- 
ery up to a pressure of 1,500 lb. per 
sq.in. If the cycle is such that the maxi- 
mum horsepower would only be re- 
quired momentarily then a 7% hp. 
motor would be satisfactory. With these 
controls the power consumption and the 
amount of heat generated are reduced. 
Pressure-responsive controls also make 
it unnecessary to supply relief valves 
since with these controls pressure can 
be limited. 

Where high-speed presses are re- 
quired, it is customary to provide 
gravity feed to the press ram for the 
portion of the stroke which is traveled 
before the work is reached. This type 
of circuit, as shown in Fig. 8, utilizes 
a prefill valve which is usually con- 
nected to a large supply tank mounted 
on top of the press. This valve is oper- 
ated from the main control valve and 
provides free flow of oil to the cylin- 
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Fig. 6—Typical circuit for a double-act- 
ing ram when pump is of the reversible 
variable-displacement type 


der until a load resistance on the press 
ram causes the hydraulic pressure to 
build up, at which time the prefill valve 
automatically closes. The remainder of 
the press stroke is accomplished by the 
discharge from the high-pressure pump. 
When the press is on its return stroke, 
a pilot connection to the prefill valve 
causes it to open thus permitting free 
flow back to the overhead tank. 

Sometimes it is desired to operate 
two or more rams from one pumping 
unit. An illustration of this type of cir- 
cuit would be for a machine tool in 
which one cylinder was used for clamp- 
ing and the other to feed the work. 
Such a circuit is shown in Fig. 9. A 
control valve is installed between the 
two cylinders. This valve is an adjust- 
able relief valve and check valve com- 
bined. By changing the spring setting 
of the relief in the control valve, the 
pressure to the clamping cylinder is 
varied. When the clamping cylinder 
reaches the end of its stroke, pressure 
builds up until the setting of the con- 
trol valve is reached. The control valve 
then opens and permits flow to the 
feed cylinder, at the same time pressure 
is maintained on the clamp cylinder. 
When the operating valve is reversed, 
both rams then return to their starting 
positions. 

When more than one ram or cylinder 
is operated from a single pumping unit, 
unless the proper control valves are 
used, the ram which offers the least 
resistance will move and the others will 
remain still. Since pressure is transmit- 
ted equally in all directions in a hy- 
draulic circuit, neglecting friction loss, 
it would be necessary to install a throt- 
tle valve in the line to the cylinder 
with the least resistance in order to have 
the second cylinder operate at the same 
time. 

Many different combinations of con- 
trol valves and controls are available for 
the operations of hydraulic circuits. 
Solenoid or pilot operated valves can be 
used to obtain remote control. Cam 
operated pilot valves or electric switches 
actuated by the moving parts of the 
machine are often used to obtain auto- 
matic control. 

In water hydraulic circuits, velocities 
should not exceed 20 ft. per sec. In oil 
hydraulic circuits because of the effect 
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of viscosity on the friction loss in piping, 
velocities of 10 ft. per sec. are recom- 
mended for discharge piping. If possi- 
ble, the suction piping should provide 
velocities around 5 ft. per sec. High 
suction velocities cause noisy operation 
and often decrease the capacity of the 
pumping equipment. 

Since certain types of high-pressure 
pumps require rather heavy oil (1,000 
§.S.U. at 100 deg. F.), compared to 
other types, operators often find these 
pumps noisy during the first few min- 
utes of operation in cold weather. If the 
temperature gets too low, it is well to 
provide some means for heating the oil 
in the reservoir. Approximately 4,000 
S.S.U. is considered the safe maximum 
viscosity for providing proper suction 
flow. 

In certain types of radial piston 
pumps operating at high pressures, the 
minimum viscosity should not be less 
than 300-350 S.S.U. in order to provide 
the necessary oil film to support the 
load of the rotary cylinder on the sta- 
tionary pintle. 

It is usually customary to provide 
means for cooling the oil in installa- 
tions requiring operating pressures over 
1,500 Ib. per sq.in. In certain low-pres- 
sure installations, where operation is 
carried on continuously, it may be 
necessary to cool the oil, 

The amount of heat generated de- 
pends upon the loss of energy which 
occurs in the pump and the various 
valves in the circuit. Valves that pro- 
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Fig. 7—Performance of a typical variable-displacement pump 


with pressure-responsive controls 
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duce considerable leakage represent a 
high energy loss with corresponding 
high heat generation. It is for this rea- 
son that when ordering valves, the vis- 
cosity of the oil should be stated. Engi- 
neers have found that certain control 
valves which are designed to operate 
with relatively light oils, say 150 to 
300 S.S.U. at 100 deg. F., will not func- 
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Fig. 9—Circuit for controlling operation 
of two rams when one pumping unit is 
employed. in the system 
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tion properly when a 1,000 S.S.U. oil is 
used. Heavier oils require greater clear- 
ances in the valves to permit them to 
function properly. 

Since it is always advisable to design 
hydraulic circuits so that they can be 
started up under no load, the motors for 
operating pumping units are usually of 
the ordinary normal torque, normal 
starting current type. The customer 
quite frequently provides the motors, 
since he desires to have the motors 
match the other equipment in his plant, 
or he may have a preference for a cer- 
tain type. 

The pump manufacturer usually rec- 
ommends the horsepower of the motor 
and the speed required, leaving the 
type up to the customer. There are some 
installations, of course, where special 
motors must be used, or provision made 
so that standard motors can be supplied. 
One such application is where accumu- 
lators are used. Here, when the pump 
is started, it must immediately develop 
the maximum pressure as determined 
by the weights on the accumulator. In 
order to reduce the size and duty of the 
pump motor, pump controls may be pro- 
vided that are operated electrically. 
One such installation utilizes a solenoid- 
operated valve operating a stroking 
cylinder on the pump. The valve is con- 
nected to the last point of the magnetic 
controller so that by the time the motor 
has practically reached its maximum 
speed, the pump will be placed on 
stroke and the motor will be able to 
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Fig. 8—High-speed press with pre-fill arrangement to provide 
gravity feed to press while ram is approaching the work 
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Fig. 10—Friction loss curves for l-in. extra heavy pipe showing the effect of velocity 
and viscosity on resistance to flow of oil. Dash line indicates piped discharge 


carry the load without resorting to high- 
starting torque or low-starting current 
types of motors. 

In hydraulic circuits where maximum 
pressure is only momentary, the horse- 
power of the motor may be less than 
the maximum actually required, since 
motors are capable of instantaneous 
overloads. Where pressures are main- 
tained or recur with considerable fre- 
quency, it may be necessary to provide a 
motor capable of developing the maxi- 
mum horsepower. 

Seamless steel tubing should be used 
wherever possible for all high-pressure 
piping. All joints should be welded. 
Seamless steel or wrought iron pipe may 
be used, but it should be cleaned before 
installing. In fact, the entire hydraulic 
circuit, piping as well as rams and res- 
ervoir, must be absolutely clean and all 
unfinished surfaces, such as the interior 
of the oil reservoir in the bedplate, 
should be painted with an oil-resistant 
paint. Any particles of dirt that may get 
into the system will seriously damage 
the pumping unit. 

Seamless steel tubing as furnished in 
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extra heavy pipe sizes is usually suit- 
able for pressures up to 3,000 lb. per 
sq.in. Suction piping should be fur- 
nished equivalent to standard pipe sizes. 

Copper tubing is used often for pres- 
sures below 1.000 Ib. per sq.in. It should 
not be used, however, if excessive vibra- 
tion or hydraulic shocks are present. 
Sudden shocks or vibration cause work- 
hardening of the copper and ultimate 
breakage of the tubing. 

To obtain the best performance from 
a hydraulic circuit, it is imperative that 
the velocities of flow through pipes be 
kept low. The use of extra heavy or 
double extra heavy pipe where lighter 
weight pipe with larger internal dia- 
meter could be used, may retard the 
flow of oil unless larger nominal sizes 
are used to give an equivalent area. 

To illustrate the effect of velocity and 
viscosity on the flow of oil, and with 
the aid of the graphs shown in Fig. 10, 
consider what can happen under vari- 
ous conditions in a l-in. extra heavy 
pipe having an I.D. of 0.957 in. Assum- 
ing a normal velocity of 10 ft. per sec. 
using an oil having a viscosity of 350 





Sec. Saybolt at 100 deg. F., pressure 
drop would be approximately 50 ІЬ.рег 
sq.in. per 100 ft. of pipe. If the velocity 
were doubled or equal to 20 ft. per sec. 
the pressure drop would increase to 175 
lb. per sq.in. per 100 ft. or 3% times 
greater. 

Also, if a heavier oil were used, say 
one having a viscosity of 1,000 seconds 
at 100 deg. F., the pressure drop per 
100 ft. at a velocity of 10 ft. per sec. 
would be approximately 145 lb. per 
sq.in., while at a velocity of 20 ft. per 
sec. with this same oil, the drop would 
be 290 lb. per sq.in., or twice as much 
as at 10 ft. per sec. From this it is seen 
how the viscosity of the oil affects the 
pressure drop and consequently the 
flow. 

Since the viscosity of oil decreases 
with temperature increase, the pressure 
drop or friction loss will also decrease. 
This is caused by the high friction loss 
caused by the viscous oil which gradu- 
ally decreases as the oil becomes heated 
and the viscosity decreases. 

A perfect fluid for a hydraulic sys- 
tem would be one having constant vis- 
cosity at all temperatures. Since this 
cannot be obtained, an oil having the 
least change in viscosity should be 
selected. Such an oil is described as one 
having a high viscosity index. 

Since the viscosity of oils decreases 
with increase in temperature, a point 
may be reached where the viscosity is 
so low that the pumping unit is unable 
to provide the necessary pressure be- 
cause of leakage of the oil past the 
moving parts. Also a point may be 
reached where the full capacity of the 
pump is going to leakage and no pres- 
sure is developed. The viscosity, there- 
fore, greatly affects the efficiency of 
the pumping unit and, in fact, the 
entire system. When the oil gets too 
thin, excessive leakage occurs in the 
valves as well as in the pump and this 
loss in energy being transformed into 
heat, increases the oil temperature 
rapidly with a consequent decrease in 
viscosity. 

It is important, therefore, that the oil 
temperature be maintained within rea- 
sonable limits so that the viscosity is 
changed as little as possible. The usual 
maximum limit for the temperature is 
30 deg. above the ambient or say a 
maximum of 130 deg. F. Some form of 
oil cooling should be provided where 
operating conditions result in higher 
temperatures. 

As shown by Norman E. Miller in the 
article “Hydraulic Fluids” (Propuct 
ENGINEERING, p. 407, Sept., 1940, and p. 
450, Oct., 1940), the success with which 
a circuit and machine perform their in- 
tended functions depend to a great ex 
tent on the selection of the proper type 
of oil. 
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PORCELAIN ENAMELED PARTS 


Design Factors That Promote Quality 


OR SATISFACTORY porcelain 

enameled parts the sheets from 

which they are made should be of 
uniform composition, absolutely flat, and 
should have the ductility necessary for 
required drawing, forming or stamping 
operations. The metallurgical structure 
of the sheet should be such that a strong 
bond will result between the porcelain 
enamel and the metal when fired. 

In general there are three grades of 
enameling iron: (1) That suitable for 
parts where the property desired is non- 
sagging; (2) Enameling sheets suitable 
for fabricated parts where both drawing 
and non-sagging qualities are necessary; 
and (3) Enameling sheets suitable for 
extra deep drawn parts where the draw- 
ing properties are the chief considera- 
tion and the non-sagging properties are 
not important. 

The difference in the requirements 
demanded by the many different types 
of products which are porcelain enam- 
eled make it difficult to formulate a 
general rule by which the proper gage 
of metal can be determined. Many com- 
panies conduct shop trials in order to 
develop designs that result in a mini- 
mum number of throw-outs in the fin- 
ished units. When the quantity to be 
produced does not warrant the expense 
of shop trials and there is no past ex- 
perience to guide the designer, the gages 
indicated in Fig. 1 are recommended as 
minimum thicknesses of sheets for parts 
of moderate size, in which requirements 
for rigidity and flatness are not highly 
exacting. The enameling sheets should 
be as heavy as cost considerations will 
permit. The thicker the sheet the deeper 
will be the possible draw and the less 
the tendency to warp when fired. In 
general, the larger the flat areas and 
the greater the degree of surface flat- 
ness demanded, the greater is the sheet 
thickness required. 

Thinner sheets can be. used if there 
are flanges, reinforcements or embosses 
to stiffen or reinforce the flat surfaces. 
The more rigid the design of the part, 
the better it is for enameling. 

Corner radii must be great enough to 
prevent the surface tension of the 
enamel, when molten during firing, from 
stretching the coating thin over the cor- 
ner surfaces. Thin coatings at corners 
are likely to be overfired, thereby caus- 
Ing spots, greenish color cast, and a 
tendency to chip. Corners should be 
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formed as shown in Fig. 3 (B), so that 
the radius at the surface to be enameled 
is not less than f in. A larger radius 
should always be used where possible. 

Flat or nearly flat surfaces should 
have rolled or beaded edges to prevent 
warping in firing. It is good practice to 
make reinforcing flanges not less than 
3% in. wide. If the flanges are to have 
holes for bolts or screws, a greater 
flange width is desirable. A flange 
depth of fs in. usually is not strong 
enough to prevent warping. When 
adjacent edges are flanged on a 
press, the corner opening should be 
welded as shown in Fig. 2(A) to rein- 
force the panel. The failure of the part 
shown in Fig. 4 was contributed to by 
the lack of a gusset to reinforce the 
part at each end of the roll. Flexing of 
the metal in the flange during assembly 
or handling caused failure. 

It is difficult to keep long flanges, 
which are an inch or more wide, straight 
and at an exact angle unless they are 
properly supported during the enamel 
firing operation. The flange designs 
shown in Fig. 5(A) and (B) provide 
little or no support for maintaining the 
main flange at a 90 deg. angle during 
firing. The design shown in Fig. 5(C) 
is far more satisfactory when properly 
proportioned. Flanges 4, B, and C 
should be of equal width and they 
should not be less than one-third the 
width of flange D. If for some reason 
it is not possible to hold the dimensions 
to this ratio, light gage angles can be 
spot welded to flanges A and B as a re- 
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inforcement. However these angles 
should never be welded to the back of a 
surface that is to be enameled because 
the double thickness of metal at the 
area of attachment may prevent uniform 
heating of the surrounding areas and 
result in underburning, that is, a condi- 
tion in which the enameled coating is 
not thoroughly processed or fused. 

If the underside of an exposed sur- 
face must have a lug, reinforcement or 
other part welded to it, the total thick- 
ness of the double metal should be a 
minimum. Light gage metal for the 
welded-on part will help. If practicable, 
grinding away part of the panel thick- 
ness at the area of attachment will aid 
in preventing underburning. 

Large panels should have all edges 
flanged and tack welded to hold them 
straight. For good covering with cover 
coat enamel, corners should be solid 
welded or drawn. Failure of the part 
shown in Fig. 6 was undoubtedly caused 
by improper design of the corner which 
was not strong enough to resist strains 
in assembly. Metal should not be folded 
back onto itself, for when this is done 
pockets are formed which trap cleaning 
and pickling solutions; also the double 
thickness of metal will cause thermal 
strains during enameling. 

Flanges which serve only as exten- 
sions for fastening in assembly or for 
holding the part in a correct position 
in relation to the body or adjacent parts 
are usually relatively wide and protrud- 
ing. Such flanges will generally warp 
and bend easily. Assembly flanges 
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Recommended minimum thicknesses of sheets for parts to be porcelain enameled 
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should be weakened by notching, as 
shown in Fig. 7 at locations adjacent | 


to the assembly point so that they will 
bend without transmitting strains to the 
enameled surface or to the adjacent 
holding flange. 

Notches or cutouts may produce an 
area of local weakness where warpage 
may occur in firing or where bending 
may be concentrated, with resulting 
chipping of the enamel during assembly. 
Large cutout openings in panel parts 
are a cause of warping and should be 
avoided. Holes and notches produce 
uneven draining of ground coat thus 
requiring special processing. 

In designs where flange notches or 
cutouts cannot be avoided, the corners 
of the opening as shown in Fig. 8 
should be rounded with a 14 in. or 
larger radius in order to add strength to 
resist flexing. The weakness inherent 
in such a design can be diminished to 
some extent by setting the cutting die 
so that it will push or burr the metal 
toward the inside of the flange along 
the edge of the notch or cutout. An 
excellent design of slot is shown in 
Fig. 9. Note how the edge is turned 
down and the end cut away. 

Embosses or pressed-in designs for 
stiffening should not be closer than 3¢ 
in. from the edge of the panel in order 
not to overstrain the metal during the 
forming operation. A prevalent cause of 
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Fig. 4—Improper reinforcement of corner contributed to this failure. Lack of gusset 
at each end of the roll permitted flexing of flange with resultant chipping 


hairlining is strained metal. While many 
parts of complicated design are strain 
relieved by a heat-treatment, as a rule 
such treatment is not practical for mass 
production because of the extra time 
and equipment necessary for the opera- 
tion, 

Edges of bolt holes and notches that 
will be visible in the final assembly 
should be turned inwardly from the ex- 
posed surface with a radius of not less 
than fs in. This is necessary because 
of the inherent property of the enamel 





Porcelain Enamel Institute, Inc. 





when molten to pull away from sharp 
edges thus resulting in overfiring and 
burning off at corners. 

Holes for mounting should never be 
close to an emboss or flange because any 
bending of the metal when the mount. 
ing bolts are tightened may cause chip- 
ping. Holding clips and lugs should not 
be welded on the back close to an edge 
bead or an emboss for the same reason. 

Brackets should be made from sheet 
having a thickness less than that of the 
part to which they are welded. Exces 
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sive metal should be cut out of the 
contact areas of the bracket or lug in 
order to reduce thermal strains. Also, 
prackets should be weakened by notches 
so that they will not transmit bending 
strain- to the exterior panel surface. 
Brackets should be placed so that the 
welded area is not near an edge that is 
to be cover enameled; they should be 
an inch or more from the edge, bend 
or enamel bead. The rear view of the 
part shown in Fig. 10 shows excellent 
location and design of lugs. 

The design engineer’s interest in the 
appearance of a product requires that 
he be familiar with the decorative pos- 
sibilities of brushing, in order that he 


can blend its necessity into a pleasing 
harmony with the basic design. Brush- 
ing or edging is the removal from cer- 
tain areas of the finish enamel coat be- 
fore firing. After brushing, the thin 
black or dark colored base coat is 
exposed. This base coat because of its 
thinness is more nearly proof against 
damage in assembly, shipment and 
service. 

When enamel is built up to an exces- 
sive thickness it is much more liable 
to crack or chip off, than when used in 
relatively thin coatings. A study indi- 
cated that losses caused by chipping in 
assembly were nearly seven times 
greater on parts with enamel thicknesses 
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Fig. 6—Failure of this piece was undoubtedly caused by lack of strength at corner to 


resist strains imposed during assembly 
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Fig. 7—Assembly flanges on porcelain enameled parts should be weakened by notches 
so bending strains will not be transmitted to panel surface. Fig. 8—Sharp right angled 
cutouts weaken flanges causing chipping. Corners of cutouts should be rounded 
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greater than 0.021 in. than on parts 
having coatings less than 0.018 in. 
thickness. 

Enameling technique has developed 
to such a degree that excellent results 
can be obtained on corner rounds with- 
out brushing. However, the edges of 
holes and all corner rounds on parts 
the edges of which are adjacent to other 
parts or to the frame when assembled 
should be brushed. By careful designing, 
screw holes can sometimes be located 
so that brushing is not visible after as- 
sembly. 

When bolt holes and cutouts in parts 
are not visible in the assembled prod- 
uct, the face of the part should be 
brushed down to the ground coat or 
first coat with at least 144 in. rim of 
ground coat exposed around the hole. 
If accessories are fitted over holes or 
cutouts, brush at least vs in. beyond the 
outside dimension of the accessory. 
Brush at least 4 in. around entire 


A 


Open ena flange 
onlong panel | 
does hot provide 
means for 
maintainn 

90° angle during 
*Yrring 


This type of 
support on 

long pene! rs not 
strong enough 
tomaintain | 
90° angle during 
firing 


Correct design 
of flange on 
= panel -— 3 | 
retainin (tion |p 
while Pg -B 
A=B=C 
A should not be less than 0/3 





Fig. 5—Incorrect and correct methods of 
stiffening flanges at corners on long parts 
to maintain desired flange angle 
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Fig. 9—Design with slot properly turned down and cut away at the end. Note the radii 
at both the end and along the turned down portion of the slot 





Fig. 10—Front and rear views of porcelain enameled panel. 
and brushing holes prevented chipping or hairlining. 
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Proper radius at corners 
Lugs welded on back are 


properly placed and give minimum amount of double thickness metal 


perimeter of all large parts. To protect 
edges, it is not unusual at cubical cor- 
ners to increase the width brushed up 
to % or 34 in. blending it into a 
decorative design. 

An important consideration in the de- 
sign of porcelain enameled parts which 
are fitted or fastened together to form 
an assembly is the matter of clearances. 
Sufficient space, of course, must be pro- 
vided between adjacent parts to allow 
for maximum enamel thickness in addi- 
tion to the maximum sheet metal toler- 


ances. In general, the thickness of the 
porcelain enamel coat will vary from 
about 0.010 to 0.018 in. at the center 
of panels. At edges when beads are 
present the maximum thickness of coat 
may be as great as 0.05 in. These di- 
mensions are for coatings on one side 
of the sheet, so that the total thickness 
of sheets that are enameled on both sides 
will be the thickness of the metal plus 
twice the coating thicknesses indicated. 
To prevent chipping in assembly that 
results from tight joints, the clearance 





for the enamel alone should be not ‘egg 
than te in. for each part. 

Still greater clearance should be al. 
lowed on parts that fit into inside «or. 
ners, like that shown in Fig. ll, be. 
cause the ground coat enamel. may ac. 
cumulate at interior fillets which happen 
to be at the bottom during the draining 
operation. With such joints a clearance 
of 14 in. should be allowed for the 
enamel. A similar allowance must be 
made for excess metal on the inside of 
welded corners, as the welding metal 
runs through the joint and increases the 
thickness back of the weld. 

Allowance should also be made in 
design for the accumulation of enamel 
in attachment parts such as brackets, 
spacers and screw pockets. Screw pock- 
ets enameled with a ground coat should 
be $5 in. deeper than the thickness of 
the screw head. The width of the pocket 
should be as large as possible and yet 
not permit the screw head to turn. 

For spacers a uniform thickness is 
important since slight variations may 
cause tight fits with resulting strain. 
Either asbestos or rubber backed wash- 
ers, paper or washers 
should be used under screw heads. 

It should be noted that since the por- 
celain enameling industry is not stand- 
ardized, one manufacturer may be at 
variance with another in regards to sat- 
isfactory proportions of details, because 
of differences in equipment for fabrica- 
tion. Provisions in design for support- 
ing the part during drying and firing 
should be arrived at after a consultation 
with the enameler. The designer, how- 
ever, when proportioning parts and 
specifying contours should not forget 
that simplicity in design not only en- 
hances appearance but also promotes 
ease in enameling. 
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M diameter meat grinder plate often broke = (ШШ A pivot stud near the edge of the 

we through the thin walls during drilling. = ҮШ! platen was required by a special func- 
Steel used was SAE 1020; holes are р tion of a wire forming machine. It was 

por- templet-drilled with high-speed drill Medium str knurl difficult to remove these studs for re- 





placement and occasionally the shanks 
had to be drilled out. This problem 


and. because they are too close for multiple 
drilling. Plate is hardened after ma- 


to 0.265°/0.255 dia. 











3 chining. Rejects were greatly reduced Right was met by specifying that a small hole 
use by changing the steel specification to be drilled into the side of the stud hole. 
ей X1515, a free-machining, fast carburiz- When this is filled with grease, and a 
ort. B. ing open-hearth steel which has man- Studs die-cast as inserts into the piece of drill-rod is driven in as shown, 
ring ganese and sulphur distributed through- zinc alloy housing of a gear box unit the stud is easily forced out by hydraulic 
tion out its matrix. Sulphur aids dry machin- often pulled loose when the cover was pressure. 

му ing, but not enough is present to make drawn down with nuts. These studs had 

and the steel brittle. The Korrect Kutting a medium diamond knurl on the STEEL WIRE BRISTLES have been found to 
rget Manufacturing Company reports that anchored end. By redesigning the studs be unsuitable for power brushes used to 
en. change of steel also reduced drilling with grooves and a medium straight remove flux from non-ferrous and cor- 
otes time 54.4 percent, facing time 41 per- knurl as shown, anchorage of the insert rosion-resistant alloys. Steel particles 


cent, and drill breakage by half. was sufficiently improved. fiain ike kilidin hoorn hoha 


the metal being cleaned. When these 
particles rust, they act as nucleuses for 


Wedging action of radial 60-deg. threads minute electrolytic cells which corrode 
load increases friction, do no? bind because the sheet. To prevent this, nickel alloy 


causing 29-deg. threads wedging is /ess--. bristles are used. 
to bind... 7 


RUBBER-COATED FEEDER CABLE, for 
5.000 volt service as trailer cable on 
electric shovels in copper strip mines, 
gave good service in ordinary use. The 
heavy rubber jacket was needed to with- 
stand severe abrasive wear. However, 
when shovels were put into service at 
an altitude of 12.000 ft. the deterio- 
ratng effect of the increased sunlight 
caused the rubber cable jacket to “sun- 
burn" and fail within a few months. 
Cure was to substitute a sun-resistant 


American Form - ?/a"- 4. 





Rudder and elevator tabs on an radial load on the screw. The 29-deg. synthetic rubber with abrasion resist- 

experimental airplane were operated by angle of the Acme thread caused wedg- ance equal to that of natural rubber. 

means of a 75—4 Acme steel screw and ing action and consequent bind. Chang- 

bronze nut. Investigating the cause of ing to a ~ê American thread resulted PRODUCT ENGINEERING will pay a minimum 

considerable friction between screw and in a free fit when assembled, eliminating of $3 for each example published in Causes 
! as . ‘o 1 and Cures, Where illustrations are necessary, in- 
е nut. engineers traced the difficulty to a the trouble. clude drawings, rough sketches or photographs. 
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WIRING OF MACHINES 


Electric Wiring Planned With Mechanical Design 


N 1937 an automotive user of ma- 

chine tools complained that “when 

we receive a machine tool, as 
usually shipped today without wiring, a 
lot of time and money is always lost in 
getting it into service. I feel strongly 
that there is a lot that can be done to 
give the purchaser of the machine tool 
a wiring job that is permanent, rigid, 
trouble free, and presentable in appear- 
ance.” 

Much progress has been made in 
machine tool wiring just as there had 
been earlier in automotive design when 
it was shown practical to include bump- 
ers, spare wheel and tire, windshield 
wiper, defrosting ducts, ash trays, etc., 
but not until these one-time luxuries 
were demanded as necessities. 

Machine tool builders and designers 
of other machinery had been thinking 
about built-in wiring just as they had 
been thinking of built-in motors, even 
before 1937. Probably they were wait- 
ing for a demand such as that voiced 
by the automotive engineer. 

The necessity for linking electrical 
and mechanical thought has been shown 
in many machine tool plants. It was 
verified by S. G. Leonard, Fellows Gear 
Shaper Company, at the 1941 Westing- 
house Machine Tool Electrification Fo- 
rum when he said “cooperation between 
the mechanical designer and electrical 
engineer from the beginning or rough 
conception of a machine, and all during 
its design, will produce a machine which 
is better, faster, simpler, and smaller 
than would perhaps be obtained if the 
mechanical designer designed his ma- 
chine and then said to the electrical 


999 


engineer, ‘electrify it’. 


What Makes High-Grade 
Wiring? 


“A high-grade wiring job,” from the 
point of view of the motor car company 
representative, “should be made a rigid 
conduit one as far as at all possible. 
Flexible wires or cables should be used 
even in small wire sizes, with proper 
terminals and fasteners well located and 
supported. The wiring should be done 
with coded or colored wires as this is 
a great help in ‘trouble shooting’. The 
conduits should be within the frame of 
the machine wherever possible, even 
the expense of cored openings in the 
machine castings for conduit and re- 
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cessed spaces for push buttons, hinged- 
door openings for controllers, etc., would 
not seem to me too great an expense to 
make a complete machine tool.” 

Much the same views have been held 
by other users and builders of machines 
of all types, as evidenced by the type 
of wiring which is being done today by 
leading manufacturers of machines and 
by the standards being set up by the 
National Machine Tool Builders’ Asso- 
ciation in a new code for machine elec- 
trification. 

The presence of quantities of coolant 
or even small amounts of lubricating oil 
is an important consideration in the 
wiring of most machines on account of 
their effect on rubber insulation. All 
machines have many problems in com- 
mon but there are special problems to 
be considered as well. Machines used in 
chemical plants, for example, must have 
wiring resistant to whatever corrosive 
elements there may be present, or pro- 
tected against these agents by suitable 
conduit, or both. 

Variations in the requirements or 
specifications of the users of machines 
have made it impractical in many plants 
to use mass production methods in the 
wiring of machines. Wiring is commonly 
done, therefore, by methods similar to 
house wiring; that is, a wire of required 
length is cut from a spool as required, 
lugs or connectors attached, and then 
installed. While this leaves something 
to be desired in efficiency, this can be 
compensated to a large degree by ad- 
vances in lug design and attachment 
which eliminate soldering and speed up 
installation. 

Other procedures which avoid hap- 
hazardness have been described by R. H. 
Clark, The Warner & Swasey Company, 
who pointed out that interference with 
the work of mechanical assemblers and 
inspectors as well as loss of time im- 
pelled him to draw up specifications for 
an improved installation scheme. This 
improved method lowered labor cost, 
enabled bench sub-assemblies, made 
possible installation at any point of 
manufacture after the turret lathe bed 
was set. up for final mechanical assem- 
bly, allowed use of interchangeable and 
standardized parts and permitted “farm- 
ing out” of work. A complete survey 
of control apparatus was made to indi- 
cate the extent of possible standardiza- 
tion. This close study of installation 


methods was a profitable experience 
and produced desirable savings even 
though mass production methods may 
not be possible. 


Wiring Harness Improves 
Efficiency 


Where standardization of machines 
and wiring is possible, it. has proved 
practicable to assemble wiring harnesses 
which can be connected to a machine 
by less skilled workmen. One manu. 
facturer of electrical devices and fittings 
has gone so far as to offer package 
units containing all electrical and те. 
chanical devices, mounting brackets, 
and wiring assemblies for certain types 
of equipment. A large manufacturer 
of machine tools makes their own har. 
ness, using a braiding machine to wrap 
and tie the bundles of wires together. 

The use of wiring harness has the 
advantage of improving efficiency by 
speeding up wiring and requiring less 
skill for installation. It shows to great. 
est advantage where a large number of 
a given style of harness can be assem- 
bled at one time. Wire used in a har. 
ness may be of any type suitable for a 
given installation. 

Sundstrand Machine Tool Company 
reports using several harnesses for one 
machine. By splitting the harness into 
several units, the pushbutton station, 
limit switches and other parts can be 
wired at the bench instead of on the 
machine, thereby reducing the time the 
electricians have to tie up the machine 
on the assembly floor. 


Oil-Resistant Insulation 


A half dozen machine tool builders 
who were questioned on their methods 
of wiring were found to be using wire 
covered with what is known chemically 
as plasticized polyvinyl chloride insula- 
tion. This insulation is now furnished 
by a number of manufacturers under 
several trade names. These include 
Flamenol by General Electric Company, 
Koroseal by Goodrich Rubber Company, 
Gencaseal by General Cable Company, 
Habirdur by Habirshaw Cable & Wire 
Company, Densheath by Anaconda Wire 
& Cable Company, and Okosheath by 
The Okonite Company. 

This type of wire and insulation has 
won a wide acceptance because its re- 
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Fig. 1—Extensive use is made of flexible conduit connections to moving parts of the 


Cincinnati Hypro planer type miller. 


Movable controls, not shown, are designed into 


machine by swiveling counterweighted rigid conduit carrying wiring and small control 
strip around a vertical center post above the machine 


sistance to oil is far superior to ever. 
the best natural rubber insulation. 
Two special advantages of “synthetic 
rubber” insulation have been pointed 
out by machine tool electrical engineers. 
One is that the cable is smaller in diam- 
eter for a given wire size, which permits 
either smaller conduit or more wires in 
a given size of conduit. The second is 
the fact that it is easier to pull through 
conduit because of its slick surface. 
Although the higher cost of the thermo- 
plastic covered cable might be consid- 
ered a disadvantage, one user reported 
that he is able to hold the overall cost 
with the synthetic insulated wire to the 
same level as when using rubber insu- 
lated wire because of reductions in 
labor cost attributed to easier handling 
and the smaller sizes of the cable. 
Rubber insulated wire is still being 
used on some machine tools where wir- 
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ing is relatively easy to protect against 
splashing oil by running it through tight 
or sealed conduit, although machine 
tool engineers generally agree that oil- 
resisting insulation should be used. In 
some other types of machines also, no 
necessity for changing from rubber in- 
sulation has been felt. 


Synthetic Rubber Insulation 


Some engineers have preferred to 
change to the so-called synthetic rub- 
bers, Neoprene or Thiokol insulation, 
both of which have greater oil resistance 
than natural rubber. Their objection to 
the polyvinyl chloride type of insulating 
material is based on its characteristics 
at high and low temperatures. 

Polyvinyl chloride insulation is brit- 
tle at low temperatures and has a de- 
gree of cold flow which limits its use at 
higher than normal temperatures. One 


manufacturer warns against bending 
wire so insulated at temperatures below 
—10 deg. C. (14 deg. F.) and against 
using the cable where temperatures may 
rise above 176 deg. F., or 140 deg. F. 
if exposed to oil. Not all of these thermo- 
plastic insulations are identical in phys- 
ical properties, laboratory tests show, 
some being satisfactory at lower tem- 
peratures than others. The cold flow 
properties should be taken into account 
in installing the wire where it goes 
around corners, particularly in conduit. 
As explained by one investigator, al- 
though the rate of cold flow of the 
material may be extremely slow, there 
is a possibility that pressure against 
corners will break through the insula- 
tion eventually and cause a short cir- 
cuit. Possible development of trouble of 
this kind can be avoided by keeping 
wiring loose in the conduit and by fil- 
ing off corners, or by using round edge 
bushings or loom at these points. 

Since so much of this synthetic is 
used it is of interest to point out some 
other favorable qualities. Its tough 
structure has made unnecessary a pro- 
tective covering of metal braid, lead, 
or armor except where mechanical 
abuse is extremely severe. Manufactur- 
ers point out that stripping the ends of 
the wire is easier on this account. 
In addition to resistance to oil, syn- 
thetic insulation also is stable in the 
presence of ozone, sunlight and oxygen, 
and chemicals of an oxidizing nature, 
and is not attacked by solvents, nor by 
acids and alkalies. It is also flame- 
resisting in the sense that it will not 
support combustion. It is, of course, 
highly resistant to moisture, and be- 
cause of its smooth surface dirt does not 
adhere to it. Unlike rubber, it is avail- 
able in a variety of colors. 

Some lead cable is being used, partic- 
ularly for runs within a machine where 
it is not exposed to mechanical injury. 
Use of lead-covered cable avoids both 
the danger of oil or acid attack which 
is present when rubber is used and also 
the heat damage sometimes experi- 
enced with varnished cambric. Where it 
is desired for extensive inside runs it 
can be run through rigid conduit on the 
outside. Even conduit, however, and 
especially thin-walled conduit, is not 
completely immune from possible dam- 
age if improperly installed. It should be 
kept close to the outside of the machine 
so that no protruding ends, elbows or 
loops invite injury or damage. Long 
lengths should be held with clips or 
clamps attached to the machine. On 
small machines, however, rigid conduit 
generally does not need support except 
at the end points where entering con- 
nection boxes, according to one au- 
thority. On large machines the common 
peactice is said to be to run rigid con- 
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Fig. 2—Diagrams for wiring used by Heald Machine Company on the 49 Borematic. Machine cycle diagram is also used 


duit parallel to the machine base and 
close to the floor. With this type of in- 
stallation the conduit may be blocked 
up from the floor for support if desired. 


Wiring Practice 


A number of wiring practices have 
come into use through trial and error 
methods and the experience of the elec- 
trical industry. Of course, it is necessary 
to have a wiring diagram of the machine 
such as the one shown herewith but 
in order to visualize the design require- 
ments or modifications which should be 
taken into account in designing or re- 
designing a machine, at least one engi- 
neering department superimposes a com- 
plete wiring diagram on a skeleton out- 
line of a machine and has found this 
helpful. This practice was reported by 
D. K. Frost, Matteson Machine Works. 

The ordinary rigid conduit is heavy 
and stands more abuse than it is often 
necessary it should. A lighter weight 
conduit has, therefore, come into use 
where mechanical protection need not 
have “brute strength.” This thin walled 
conduit can be bent around corners and 
made to fit contours of a machine but 
because of its reduced structural 
strength is installed usually in less ex- 
posed positions. One leading machine 
tool builder has rejected thin-walled 
conduit because of the possibility of 
leakage and bending out of shape. The 


engineering department finds the cost 


about the same as heavy conduit and 
the fittings, like those for flexible con- 
duit, more expensive. Labor, however, 
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was admitted to be more on the heavy 
conduit, The reference to leakage brings 
out the fact that this company uses 
gaskets to seal the conduit connections 
to junction boxes or fittings. 

Conduit fittings which are said to 
make a water-tight connection to un- 
threaded thin-walled conduit without a 
gasket have been developed by one 
manufacturer of conduit fittings. A bead 
is put around the conduit near its end 
by a special tool. A nut then draws on 
this bead and forces the end of the 


conduit into a tapered opening where 
a tight seat is made. 


Wiring Moving Parts 


For connection to moving parts of a 
machine, both flexible wire and flexible 
conduit are used. Wire manufacturers 
supply wire of several degrees of flex- 
ibility dependent upon the number of 
wire strands and the method of arrang- 
ing these strands or weaving them. 
Where flexible conduit must be water 
or oil tight there are several types of 
conduit that fulfill this requirement. 
Duprene hose is used in one instance 
where liquid-tight conduit is desired. In 
most such connections it is only neces- 
sary to allow a loop of sufficient length 
to reach the farthest point of movement. 
In instances where the loop is liable to 
become tangled or interfere with the 
operation of the machine it may be 
suspended by springs or a reel employed 
to keep the surplus cable wound up. 
Several manufacturers have developed 
pay-out reels for this purpose and a 


wide variety of spring and power wound 
reels are available. These avoid the 
danger of exposed power lines for 
trolleys. 

Conduit fittings are of such wide va- 
riety that almost any style and require- 
ment that can be conceived can be 
found by a search of catalogs. While 
most of these have been designed for 
the wiring of buildings rather than ma- 
chines, many are suitable for use on 
machines, Others that have been devel. 
oped primarily for machine or industrial 
use generally offer better protection to 
the wiring than older fittings, and 
quicker installation. 

The specifications for wiring which 
one manufacturer has set up include 
the requirement that “all wiring com- 
binations be made in junction boxes, 
soldered lugs or equivalent shall be 
used on all sizes of stranded wires, set- 
screw forms of contact shall not be 
used, and all control circuits shall have 
not less than No. 14 and shall be 
stranded wire. 

“For a.c., all conductors of a circuit 
shall be placed within one conduit. 
Wire of different systems shall not oc- 
cupy the same tubing, unit box, junc- 
tion box, fitting or cabinet. There shall 
be no splice or tap within the conduit 
proper. Cast-in-place raceways shall all 
terminate in fittings, especially ap- 
proved for use with them at all junc- 
tion outlet and switch points. Splices 
or taps made and insulated by approved 
methods may be located within gutters 
if they are accessible by means of 
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covers or doors, Conductors shall have 
a minimum carrying capacity of 125 
percent of current they are to carry. 
“Splicing must at least equal the in 
sulation of the wire. Rubber coating 
and friction tape are not enough. Var- 
nished cambric tape shall be used in 
addition to these. All machines shall be 
given a breakdown test of twice the 
voltage of the circuit, plus 1,000 volts. 


“All terminals shall be clearly marked 
for identification, and colored insulated 
wire shall be used for control circuits, 
always employing green for start, red for 
stop, and white for common circuits. 
Otherwise colors may be used for iden- 
tification. All machines shall be pro- 
vided with a terminal lug for No. 8 
wire bolted to the machine base for 
grounding.” 

It is beyond the scope of this article 
to discuss the selection of wire size. 
However, certain restrictions to guide 
the selection of size have been pub- 
lished by the National Board of Fire 
Underwriters and other information is 
available from manufacturers of wire. 
In general. no wire smaller than No. 
14 is approved in a power circuit. Where 
only electrical resistance and heating 
tendencies are involved the determina- 
tion is simple but where there is react- 
ance, particularly where there are sev- 
eral single-conductor circuits close to- 
gether and magnetic effects to take 
into account, the determination of suit- 
able wire size becomes more compli- 
cated and calls for consultation with 
competent electrical engineers. 

The use of color codes is an individ- 
ual problem, The availability of, syn- 
thetic insulated wire in colors has 
tended to increase the use of color codes 
in preference to identification by mark- 
ing tags. Many colors simplify the 
tracing of wire but make necessary a 
larger stock of wire than is the case 


Split ring tightens 
{around conduit 


Cable Specifications 
(Landis Tool Company) 


0 ene 
Synthetic thermoplastic jacket and insulation for 19 strand wire (concentric). Cable 
jacket is 3/64 in. thick for wire sizes up to No. 10 and 1/16 in. thick for No. 8 and larger. 
Insulation thickness is 1/32 in. for Nos. 14, 12, and 10; 3/64 in. for No. 8, and 1/16 in. 


for Nos. 6 and 4. 





SIZE NO. JACKET —— 
A.W.G. COND. COLOR Re 
14 2 Brown X X 
14 3 Black X X 
14 + Хауу X X 
14 5 Purple X X 
14 6 Gray X X 
14 8 Blue X X 
12 3 Black X X 
10 3 Black X X 
8 3 Black X X 
6 3 Black X X 
4 3 Black X X 
12 4 Navy X X 
10 4 Navy X X 
8 4 Navy X X 
6 1 Navy X X 
4 4 Navy X X 


Single conductor in any size is black. 
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where numbered or lettered tags of one 
kind or another are attached to wires 
all of one color. One manufacturer finds 
there are not enough colors available. 
Both colors and numbers, therefore, are 
used for wire identification. 

The lack of tapes with properties 
equivalent to the synthetic insulation 
has been a handicap in the wiring of 
machines and has been compared to 
the weak link of a chain. A synthetic 
tape is available now which was de- 
signed for use with synthetic insula- 
tions, It has to be heated after it is 
applied and the method recommended 
bv General Electric Company is to ap- 
ply cellophane over the tape and to use 
a mold heated to 300-310 deg. F. An 
alternate method is to apply cellophane, 
aluminum foil and then an open flame 
against the foil. A certain degree of 


Thread for flexible 

conduit. Sleeve, not 
shown, covers conduit 
end. 


Gland Ring Type 
Coupling 


2 


Threadless Connector 
for Rigid Conduit 


B C 


skill is required since the time of heat- 
ing should be just sufficient to flux 
together the wrapped layers of tape. 
There are several other considera- 
tions in the wiring of a machine. An 
important one is provision for extra 
equipment which may be installed later. 
It is a simple matter to add extra wir- 
ing at negligible extra expense at the 
time the wiring is done. A second con- 
sideration in wiring is safety and pro- 
vision for automatic safety switches. 
The complexity of the electrical cir- 
cuits of some modern machines em- 
phasizes the increasing importance of 
long time trouble-free or trouble-proof 
wiring. The ideal wiring job is one in 
which the possibility of trouble is made 
so remote that design effort can be 
concentrated upon simplicity of in- 
stallation, compactness and appearance. 


-- Cable sheath may 
be lead, rubber, or 
synthetic material 


, Neoprene 
/ gasket 





Fig. 3— Four types of conduit fittings recommended by machine designers for making tight joints 
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INTERMITTENT MOVEMENTS 


SEVERAL RECENTLY PATENTED mechanisms for producing intermittent 
motion are included in this group of devices. Many of the simpler and 
well-known mechanisms such as the common ratchet and pawl with its 
many modifications, escapements, numerous variations of the Geneva 
mechanisms and timed electrical contactors have been intentionally 
omitted in favor of the more ingenious combinations of mechanisms for 
accomplishing intermittent motion under unusual conditions. 
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FIG. 5- (a) CAM OPERATED ESCAPEMENT ON A TAXIMETER 


(b) SOLENOID OPERATED ESCAPEMENT 
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FIG. 2- SIX- SIDED MALTESE CROSS AND 


DOUBLE DRIVER GIVES 3:1 RATIO FIG. 4- ESCAPEMENT 


USED ON AN 
— — ELECTRIC METER FIG. 5- SOLENOID-OPERATED RATCHET 
WITH SOLENOID RESETING MECHAN- 
ISM. A SLIDING WASHER ENGAGES 
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| FIG. 6- PLATE OSCILLATING ACROSS PLANE OF RATCHET 
| GEAR ESCAPEMENT CARRIES STATIONARY AND 
SPRING HELD PAWLS 


FIG.7- WORM DRIVE COMPENSATED BY CAM ON 
WORK SHAFT, PRODUCES INTERMITTENT 
MOTION OF GEAR 
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AND MECHANISMS 
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FIG. 11- DISPLAY SIGN MOVEMENT DEPENDS ON FRICTION AND 
USES A CAM-OPERATED LOCKING MECHANISM, ELEC 


FIG. 10—- MOTION PICTURE FILM TRICALLY- OPERATED LOCKING MECHANISM HAS ALSO 
MOVEMENTS FEATURING BEEN WORKED OUT BY MEANS OF TIMED-ELECTRIC CONTACTS 
SIMPLICITY, FEW OPERAT- AND MOTOR-DRIVEN LOCK PARTS 
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FIG. 13- SIMPLE WORM 
GEAR MECHANISM 


FIG. 12 MODIFICATION OF THE GENEVA MECHANISM 
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CRANK MECHANISM MOTIONS 






New Methods for Their Exact Determination —1V 


EW METHODS of determining 

the motion of a central slider- 

crank mechanism have been 
presented in this series concluded with 
this article. 

Part I (June P.E.) gives a critical 
review of the approximate principal 
equations usually applied to the motion 
of the piston. The inaccuracy of these 
formulas is shown by error curves which 
are functions of the connecting rod ratio 
(А = r/l). As a conclusion, a simple 
construction of an improved approxi- 
mate curve of acceleration is suggested. 
This method uses three tangents of the 
true curve. 

Part II (July P.E.) introduces a sim- 
plified converted form of the exact 
principal equations, which, for many 
computations, proves to be even simpler 
than the approximate principal equa- 
tions. Details are illustrated in numer- 
ical examples. The new form of com- 
putation is extended to the angular 
motion of the connecting rod. Proper- 
ties and applications of a new “fixed 
point" of the slider-crank mechanism 
are revealed. 

Two new general graphical construc- 
tions of the curve of acceleration (on 
an exact theoretical basis) are shown, 
which, contrary to earlier methods, lo- 
cate the dead center accelerations also. 
Two other new suggestions deal with 
the especially simple design of the dead 
center tangents and the 90-deg. position 
tangent of the acceleration curve. These 
tangents make it possible to trace the 
acceleration curve with greater ease and 
accuracy. 

In Part III (Aug. P.E.) distinctive 
points of the piston’s motion curves are 
discussed. An exact general solution of 
the maximum velocity, simple enough 
for practical computation, is given for 
the first time. Also a graphical construc- 
tion on this exact basis is shown. The 
usual approximate formulas for maxi- 
mum velocity are checked in definite 
error curves and some of them improved 
by better approximation. 

For the maximum negative accelera- 
tion the exact equation and an analysis 
are developed, and pertinent approxi- 
mate equations and their error curves 
are stated. An investigation of the points 
of inflection gives valuable hints for the 
shape of the acceleration curve de- 
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employs the “pole of acceleration” of 
the connecting rod. 

Since several references are made to 
tables and illustrations in Parts I, Il. 
and III, it will be convenient to have 
the June, July, and August P.E. at hand 
while studying Part IV. 


pendent on value of the connecting rod 
ratio A. 

In Part IV the influence of on the 
form of the piston’s motion curves and 
their critical points is traced in special 
tables and in numerous graphs. A com- 
plete classification of the curves in the 
possible range à = 0 to A = 1l is pre- 
sented here. 

The motion of the connecting rod is 
discussed and simple graphical methods 
for determining its angular velocity and 
its angular accelerations are introduced. sidered between the extreme values 
For the total acceleration of points of 2 = 0 (corresponding to / — oc) and 
the connecting rod a new graphical con- ‚ — 1 (isosceles mechanism: / — r) ; at 
struction is revealed; it discloses and > 1 the crank would oscillate rather 


Influence of à on Motion Curves 
The Limiting Cases: 


The crank mechanism has to be con- 


~~» 


Table XI—Exact Principal Equations of the Extreme Cases 


(Simple harmonic motion, see circles in Fig. 39 and straight lines in Fig. 40) 
v = rw is the crankpin's velocity 
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EXTREME PISTON 


RATIOS DISPLACEMENT VELOCITY ACCELERATION 
Е v2 

A = 0 x = r (l — cos a) c =vsine a= - we 
A =] x = 2r (1 — cosa) с = 2v sin а 9p? 

Q — ———*cos а 
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For « 2 90? note description in text 


Velocity- Displacement 
Curves 


Fig. 39 
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Maximum Velocities 
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\ 
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Fig. 39—Curves of velocity for different values of ^; they show semi-circles for the 
extreme cases ^ = 0 and } = 1. Two applications are possible for N = 1: The semi- 
circle D,P,D' applies for a double stroke (s — 4r) and the curve D,P,Diw» for the 
usual stroke (s — 2r). The ordinates are written as multiples of the crankpin velocitv 
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2 fg +l Extreme Case Fig. 40 
К A=0 
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I. -Vertex enters 
d N the proper curve 
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\_ А=0.39039 
Point of inflection W, 
" enters at Q, 
y A=05 
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i At A=0.64039 
т W, enters at Qigo 
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Extreme Case: 











A=] 
ج‎ Isosceles slider- 
3 crank mechanism 
8 "Qi, (Crank end dead center 
0 Ir ar i for double stroke ) 
> 
Piston’s М 3 


Displacement, x T 


Fig. 40—These curves show the influence of X on the form of the acceleration curves. 
The equality of the shaded areas makes the location of Q* determine the position о} 
minimum vertex S*. Crosses mark points of inflection as detailed in Tables X and XII. 
Ordinates give piston acceleration as multiples of crankpin acceleration ro" 
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than revolve. There are practical appli- 
cations at both extremes (Ref. 1, June 
P.E.) in which the piston has a simple 
harmonic motion, represented by the 
simplified special form of principal 
equations of motion shown in Table XI. 
According to these equations the curves 
plotted against a (or w-t) are simple 
sine curves, the velocity curves traced 
over piston displacements x are circles 
as shown in Fig. 39 at 4 = 0 and A = 1, 
and the acceleration curves, as shown in 
Fig. 40 at  — 0 and X — 1, are straight 
lines. 

However, it should be noted that in 
the limiting case where X — 1 there are 
two possibilities of motion for the 
piston: 


1. Motion with double stroke, s = 4r: 

This stroke is possible only when the 
ratio A = 1. The motion curves have the 
features of simple harmonic motion as 
indicated by the semi-circle D, P, D’ of 
the velocity curve in Fig. 39 and by the 
half-dashed straight line Q, M Q";, of 


the acceleration curve in Fig. 40. 


2. Motion with usual stroke, s — 2r: 

The. motion is at first the same as that 
just described, but when the piston 
reaches x — 2r and has maximum veloc- 
ity, it has to be braked instantaneously, 
as indicated by line D, P, D. in Fig. 
39, to the velocity c — 0 by means of an 
acceleration a — —r:«' characterized 
by the line Q, M Qis for à = 1 in Fig. 
40. During the following period the pis- 
ton's velocity remains zero while the 
crank continues to revolve (Ref. 3 Part 
I) with constant angular velocity. 

Since the crankpin ordinarily govern- 
ing the acceleration of the piston cannot 
accelerate the piston in this position, a 
sudden stop would necessitate special 
equipment, which, of course, could only 
approximate the needed shocklike de- 
celeration. The possibility of practical 
realization of this motion of an isosceles- 
crank mechanism with the stroke s — 2r 
is of theoretical interest, however, be- 
cause it is the keystone in the complete 
classification of the motion curves in 


Figs. 39 and 40. 


The influence ef à: 


In Fig. 39 the form of the velocity 
curves is given for different values be- 
tween X = 0 and A =1. The locus of 
maximum velocity shows the path of the 
vertex S* between the extreme circles 
when A varies. The analysis for Cmax. is 
given in Figs. 21 and 23-27. The altera- 
tion of the abscissa x* of the vertex 
S* of velocity may be followed also in 
Fig. 40 by studying the change of loca- 
tion of the zero-point Q* of the ac- 
celeration curve. 

The more important influence of X on 
the character of the curve of acceleration 
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is clearly illustrated in Fig. 40 and in 
Table XII, which should be considered 
together. Further details on the vertex 
S** and points of inflection of this 
curve are given in the corresponding | 
previous sections. CONNECTING Rop | 















































The (—a,) line in Fig. 34 allows a Ratio à | 
comparison between the head dead- . 
center acceleration a, — г· о? (1 + А), seb „е 
usually employed in computing strength, Less than 0.26376 | No 
and the negative acceleration a**. At 
extremely high values of ) the negative CN 0.26376 
acceleration can become even greater 
than head dead-center acceleration. Less than 0.39039 
this value. 
Design of the Connecting Rod's "vals ).39039 
Motion Equals 0.64039 
right at Оло. 
The connecting rod has plane motion, Equals 0.6952 


composed of the translating motion of 
the piston and a superposed angular 
motion. 


not shown. 
Greater than 0.88 


The angular motion (rotation) of the 
connecting rod may be expressed either 
by the equations of Table III, or by 
Equations (20)—(22) of Table VI. In 
Fig. 10 a simple graphical design of the 
angular velocity w, of the connecting 
rod is shown. If a complete motion curve 


dition. 








Equals 


motion. 


Gy arve.. _-Crankpin 


YI aye circle 
ie | 





Fig. 41—In this graphical construction for the angular velocity wg of the connecting 
rod, o, is represented by the radial distance BG which is negative (counter-clockwise) 
if G is outside the crankpin circle. The scale of wg is given by having the crank equal 
its angular velocity ». Conjugate positions B and B, of the crank (a, = 180 — a; 
B; — 8; w#,, = — wj) are indicated 









Z iE (Fixed point) 





224 Fixed linéy IL z , 


- Auxiliary circle 
i Fig. 42 (arbitrarily 


selec ted 2 






/ 
err wg 
/ ' 
, i 


€ 8 (required ) 















Fig. 42—To determine the angular acceleration g of the connecting rod, the numbers 
1-6 give the sequence of the points of construction. Line 5-6 is parallel to the con- 
necting rod. The radius of the auxiliary circle is arbitrary; the scale of £g is 
determined by: weran. = P 
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Table XII—The Influence of Connecting Rod's Ratio 


discontinuation). 












(This influence can be followed by reference to Fig. 40 where acceleration 
curves for significant values of \ between 0 and 1 are illustrated) 





PROPERTIES OF CURVE OF ACCELERATION 





Curve is a straight line (simple harmonic motion) for this 
_imaginary ratio, as shown by the top diagram of Fig. 40 
vertex occurs in the acceleration curve. 


The second 


diagram of Fig. 40 shows the vertex S** on an imaginary 
extension of the curve when ^ — 0.2 

Vertex S** enters the curve from right at Qi», as shown by the 
third diagram of Fig. 40 at this value of A. 

No point of inflection occurs on acceleration curves until this 
value of A. Curves of Fig. 40 are concave downward up to 


Point of inflection W; enters the acceleration curve from the left 
at Qo, as shown by the fourth curve of Fig. 40. 

Point of inflection Ws enters the acceleration curve from the 

No curve is drawn to illustrate this in Fig. 40. 

Point of inflection W; coincides with zero point Q*, as shown by 
the sixth curve of Fig. 40. 


The second point of inflection is 


Maximum negative acceleration a**, belonging to vertex S**, 
is absolutely greater than the usually computed dead center 
acceleration ap (see Fig. 34). 
tations of strength. 


This is important for compu- 
Fig. 10 includes two curves for this con- 


Curve consists of one or two straight lines. (Simple harmonic 
Isosceles mechanism without or with a range of 
Bottom diagram of Fig. 40 shows this. 





for wg is desired, the construction of 
Fig. 41 is preferable. A simple construc- 
tion for the angular acceleration ғ, 
is given in Fig. 42. 

The total motion of the connecting 
rod can be determined by means of the 
“pole of velocity" and the “pole of ac- 
celeration." The pole of velocity, gen- 
erally known as “instantaneous center,” 
is easily constructed as illustrated in 






QP, Pole of velocity 


Г 
Y Parallel fo 
connecting rod 





Fig. 43—The pole of velocity of the con- 
necting rod, better known as “Instanta- 
neous Center,” determines the magnitude 
and direction of the velocity of any point 
on the connecting rod when the angular 
velocity w of the crank is known. The 
magnitude of all velocities is propor 
tional to their distances from the pole 
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-Required 
direction 


Fig. 44 


/ 


/ө 


c 
Fixed /ine^ 


--Paralle/ 
to M3 


02 


CEP, (required Pole of Acceleration) 


Fig. 44—The pole of acceleration of the connecting rod is 
located on a circle through M, B, and D whose radius is: 





ds d l = г 
РГ a e T ә 

2 sin a 2 sin 8 
Basis of construction: cotan 0 = cotan*J 


Fig. 43. The purpose is to show its 
location and application in comparison 
to that of the “pole of acceleration.” 

In engineering circles the pole of ac- 
celeration is little known, probably be- 
cause there is no simple general method 
for its construction. For the slider-crank 
mechanism, on the contrary, a simple 
way to find this pole is revealed in 
Fig. 44. The procedure employs the 
new fixed point F shown in Figs. 10-12. 
The application of the pole of accelera- 
tion for the design of the acceleration a 





. cotan B 





Fig. 45—The accelerations of all of the points of the connect- 
ing rod are proportional to their distances from the pole. The 


dotted arrows are “turned accelerations” and are correct only 
in magnitude. The solid vectors of acceleration are correct 
also in direction. The heads of all vectors are located on the 


straight line DM 


of the piston as well as that of every 
point of the connecting rod’s axis BD 
is shown in Fig. 45. However, it is 
worthwhile to note that the utilization 
of both of the poles is not confined to 
points of the axis, but is rather ap- 
plicable to any point of the connecting 
rod. 

Often the acceleration of the piston is 
already known either by computation, 
or from the acceleration curve given in 
Parts I and II. In this event a complete 
diagram of the accelerations of points 


Fig. 46—Construction for determining acceleration of connecting rod parts without 
using the pole. The required magnitude and direction of accelerations of the con- 
necting rod’s points D, E, F’ and G are found in vector diagram BNM 
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of the connecting rod can be easily 
traced without previous knowledge of 
angle 9. The simple construction shown 
in Fig. 46 is of particular value for the 
dead centers and neighboring positions 
of the mechanism, in which the pole of 
acceleration is too far from the me- 
chanism for practical utilization. 


Editor's Note: The following corrections 
are to be noted in Parts I to III, pub- 
lished in June, July and August issues 
of PRODUCT ENGINEERING. In 
Table II, p. 301 the equation-number 
2 should be indicated in the proper 
place. In Fig. 3, p. 303, the equation 
for dead end dead center acceleration 
should have a plus sign instead of a 
minus sign: 
а = го? (1 + X) 

In Equation (10), p. 374, & should 
be & and an independent quantity under 
the radical sign. Thus: 


с = о | i: I اا‎ 
gr! 


In Fig. 20, p. 423, the shaded area 
below the horizontal center line should 
include the area between the dead center 
tangent, Q.H, and the acceleration 
curve, Q* —Q, (approximately). 

On p. 428, last column, first line, £- 
should be £«,. On p. 428. last column, 
last sentence, the reference should be to 


Table XII instead of Table XI. 
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SNAP-ACTION THERMOSTATS 


With Simple Bimetal Elements 


GOOD THERMOSTAT shoul 

have few parts, small overall 

dimensions, and should be easy 
to manufacture. It should control tem- 
perature closely, should have positive 
snap-acting contact, freedom from radio 
interference, long life, and good tem- 
perature stability for many years. The 
simple snap action bimetal strip de- 
scribed in this article gives a thermostat 
control with these desired characteris- 
tics. In order to reduce the number of 
parts and overall dimensions of the 
thermostat, this element can be designed 
as the switch itself, carrying the con- 
tacts with it. 

Construction and operation of the 
bimetal strip designed to give snap 
action can be understood by reference 
to Fig. 1. In Fig. l(a) is shown the 
rectangular piece of bimetal with two 
longitudinal slots and the outer strips 
crimped. The crimping has the effect of 
making the two outer strips act in the 
manner of coil springs under tension, 
thereby putting the center strip under 
compression, P. This force P or moment 
Pe always resists straightening of the 
bimetal and is balanced by the resisting 
moment developed over the cross-section 
of the strip plus the bending moment 
created by the more rapid expansion of 
the metal on the concave face of the 
strip when the temperature rises. At a 
certain temperature the strip begins to 


Adjusting screw 





Lever bends 
bimetal around 
pivot 





P. R. LEE 


Westinghouse Electric & Manufacturing Company 


(Q Snap-action 
bimetal 


SS 


5555222222955 
59222 Эу 
072 - 
IB = 


222224 


Fig. I—These sketches show principle of 
snap-action of bimetal thermostat 


straighten, e decreases, bending moment 
Pe decreases, and there is an increas- 
ingly unbalanced moment that finally 
causes the bimetal to straighten and 
then reverse with a snap action from 
concave to convex. Upon cooling the 
bimetal snaps back again in a similar 
manner. 

There are many different methods for 
mounting this element into a thermostat, 
each method giving slightly different 
results. Seven such methods and their 
advantages are described on the page 
opposite. In Fig. 2 are illustrated three 
completely assembled thermostats. 

Accuracy of the temperature at which 
the thermostat operates depends pri- 








fastened here 


(a)-Mounting E 


Bimetal pivoted here; 


marily upon the manufacturing control. 
Large quantities of these elements can 
be manufactured with few temperature 
rejects, once the proper size, initial 
curvature, crimping, and heat-treatment 
are determined by laboratory tests and 
set up in production. 

Temperature differentials depend on 
physical dimensions of the link and on 
whether the thermostat is of the fixed 
or the adjustable temperature type. If 
fixed, differentials as low as 2 deg. F. 
are possible. If adjustable within a tem- 
perature range of approximately 300 
deg. F., differentials as low as 10 deg. 
F. are possible. Adjustable thermostats 
maintain a constant temperature cali- 
bration for at least 250.000 cycles. For 
most applications this represents a life 
of many years. 

Application requirements and econ- 
omy determine the size of the bimetal 
element to be used. The smallest size 
made thus far is % in. long, and has 
successfully interrupted a 40-amp. a.c. 
resistance load at 115 volts at a speed of 
one cycle per second. 

In the assembled thermostat shown 
in Fig. 2(a) the bimetal unit weighs 
1/10 oz. and is about 2 in. long. This 
unit exerts a pressure of 5 lb. on the 
contacts. High contact pressures insure 
freedom from radio static because there 
cannot be any fluttering. usually caused 
by low pressure or dust particles. 


Bimetal fastened 
Aere 









— 


>en 


Contacts 






Adjusting 
Screw 


(c) Mounting C 


Fig. 2—Three assembled thermostats with simple bimetal snap-action elements, mounted by methods shown opposite 
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for Mounting Bimetal In Thermostats 


(4) For adjusting temperatures, center support is moved up and down. 
Advantages: (1) uniform closing temperature; (2) high interrupting 
capacity; (3) bimetal can be used as a current-limiting device; (4) any 
current from 10 to 200 amp. depending on size, length and type of inclosure. 
Disadvantages: inherently wide temperature differential. Application: non- 
adjusting thermostat where an accurately adjustable temperature setting is 
required, as in water heaters, flat irons and glue pots. 


(B) Contacts at one end only with the midpoint of the bimetal held sta- 
tionary. The other end of the bimetal pivots freely thereby giving the 
bimetal freedom to act. Temperature adjustments are accomplished in the 
same manner as (A) above. This method gives closer temperature differ- 
ential than (A), but responds less uniformly to the temperature settings 
because of larger tolerance on closing temperature. It would be used on the 
same kinds of devices suggested for type (A) thermostats. 


(C) Contacts at one end of the bimetal; midpoint is stationary. The other 
end of the bimetal is rigidly anchored to the frame. Temperature adjust. 
ments are made by moving the center support in the same manner as in 
(A). Lost motion is eliminated at the left end of the bimetal, which is 
fixed. This gives closer temperature differential than (B), but temperature 
differential settings are less uniform. Applications would be about the 
same as for (A) and (B). 


(D) One end of the bimetal rigidly anchored to the base structure. The 
midpoint is allowed to pivot about a fixed point. Midpoint of the bimetal 
is held against the.base by a spring. The other end carries contacts, the 


positions of which are adjustable. To obtain temperature adjustment, con- 
tact structures are moved up and down, There is no lost motion in the 


bimetal structure; temperature setting is less erratic. It costs slightly more 
than type (C) and its applications are the same. 


(E) Contacts mounted on one end of the bimetal. Midpoint of the unit is 
rigidly anchored to the base. The other end of the bimetal is allowed to 
pivot about a fixed point. Temperature adjustments are made by rotating 
the fixed end of the bimetal about this pivot. This type of unit has narrow 
temperature differential, positive snap action, and long life, but it costs more 
than some of the others. It can be used on flat irons, water heaters, and as 
a room temperature control. 


(F) Both ends of the bimetal placed in fixed pivots. Contacts are placed 
at the midpoint of the bimetal and, for obtaining adjustments in tempera- 
ture, these center contacts are moved up and down. Contact structure is 
inexpensive, is free from creeping action at the contacts, and contact pres- 
sure is high. The pigtail may interfere somewhat with the snap-action. It 
could be used for any device requiring only non-adjustable settings, such 
as a glue pot or sterilizer. 


(G) Contacts placed on one end of the bimetal. Other end of the center 
strip is rigidly anchored to the base structure. To adjust temperatures, 
end.contact structure is moved up and down. Advantages are low cost; close 
temperature differential if it is used as a non-adjustable thermostat; good 
temperature stability; and it will snap on any current from 10 to 200 amp. 
Life of this unit is relatively short. It would be good for motor protection 
or current-overload protective devices. 











Bound Brook Oil-Less Bearing Company 


A wide variety of shapes and sizes of bearings and parts can be made from powdered bronze and powdered iron 


POROUS METAL BEARINGS 
Methods of Design and Discussion of Properties 


WIDE RANGE of bearing service 

requirements can be met by the 

variety of porosities and com- 
positions which manufacturers of porous 
self-lubricating bearings are producing. 
The majority of applications require no 
special engineering nor precautions but 
in borderline applications where failures 
are most liable to occur the recom- 
mendations of the bearing specialist 
should be obtained and followed. Selec- 
tion of the right bearing for such service 
cannot be made from a handbook, ac- 
cording to an engineer of one of the 
leading manufacturers of these bearings, 
since there are so many variables 
present in the testing or operation of 
any bearing that definite specifications 
regarding loads, speeds, clearances, etc., 
are impossible. In addition there are 
other considerations such as composi- 
tion, hardness and methods of surface 
finishing of the journals, methods of 
lubrication, operating temperatures, and 
other factors. 

The term “borderline applications” 
as used above indicates a vague area 
between successful applications of 
porous bronze and of cast bronze bear- 
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ing materials, rather than a definite 
boundary line. There are certain ap- 
plications where only cast bronze or 
other solid bearing materials have been 
able to serve, such as crank shaft and 
connecting rod bearings. “It is true 
also,” says R. P. Koehring, Moraine 
Products Division, General Motors Cor- 
poration, “that heavy shock loadings 
usually require solid bearing materials. 
Where medium to high speeds are en- 
countered with fairly balanced loads, 
self-lubricating bearings have proved 
superior to cast bronze. There are also 
a great many applications where these 
bearings and cast bronze have proved 
equally satisfactory." 

In general, self-lubricating bronze 
bearings are not recommended where 
bearings are subjected to extreme im- 
pact and high pressures. However, W. 
G. Calkins, Chrysler Corporation, states 
that ‘their self-lubricating bearings 
“function perfectly in our steering gear 
trunnion shafts and have been used at 
this point for years. Here they are sub- 
jected to extreme impact and high pres- 
sures. On extremely accelerated labora- 
tory tests, the housings, worms, and 


shafts will fail without damage to bear- 
ings.” He added that “the use of un- 
coated or unimpregnated _ sintered 
bronze bearings for connecting rods 
must be predicated on use in conjunc- 
tion with hardened crankshafts which at 
present are not in production on any 
passenger car engines. If impregnated 
with tin base or lead base bearing ma- 
terial as lead, tin, or cadmium it is pos- 
sible to run these bearings with conven- 
tional heat treated crankshaft of around 
250. Brinnell hardness with satisfactory 
results.” 

Improvement in manufacturing meth- 
ods and bearing design, accompanied by 
volume production, have lowered bear- 
ing costs as well as improved their 
quality and service characteristics. The 
rapidity of progress in the industry is 
emphasized by one manufacturer by the 
statement that its “bearings today are 
superior to those made a year ago.” 
Evidence that progress is still being 
made may be found in the growing use 
of powdered iron as a bearing material. 

One of the most significant statements 
made by the manufacturers of these 
bearings is that standard design prac- 


Propuct ENGINEERING 





= = © O O 4 


A9 — ча fe © ҥе, + + 


pe 


с. а HU WW UM 








tice for solid bronze bearings may be 
used for sintered bronze bearings. 
Changes in design are on the side of 
simplification rather than complication. 
For example, oil grooves, oil holes, oil 
cups and any other details involved in 
feeding oil to bearings are eliminated. 

One way to avoid bearing trouble in 
using the porous metal bearing for the 
first time is to submit the following in- 
formation to the manufacturer for his 
recommendations: 


. Receiving hole diameter 

. Shaft size, type and finish 

. Shaft speed (r.p.m.) 

. Temperature of operation 

. Type of lubrication (flood, oilless, 
etc.) 

. Bearing load (lb.) 

. Type load (intermittent, steady, 
etc.) 

8. Type service (constant, intermit- 

tent, short or long run, etc.) 


фә М н‏ ي 


=з © 


Self-lubricating bearings are not con- 
fined merely to applications where they 
hold sufficient lubricant to last the life 
of the machine in which they are used, 
nor is it required that the pores in the 
bearings be the total reservoir when a 
bearing is required for such service. 
An additional reservoir of oil can be 
provided by coring or machining cavi- 
ties in the bearing housing. Usually 
these cored reservoirs are packed with 
wool waste to hold the oil and to serve 
as a wick to supply the bearing with oil 
as required. Typical examples of in- 
stallations utilizing oil reserves in this 
manner are shown in the accompanying 
illustrations. By means of a drilled 
hole or slot the oil may be brought to 
the outer surface of the bearing where 
it will be absorbed into the bearing by 
capillary action. Oil would be supplied 
by an oil can or oil cup, as in other 
types of bearings. 

Assurance of a continuous supply of 
oil to maintain a lubricating film on the 
bearing is important to freedom from 
lubricating difficulties. Any tendency 
of the bearing to heat is counteracted by 
expansion of the oil contained within 
the pores of the bearing, which gener- 
ally constitute 25 to 35 percent of its 
volume but may be more or less than 
this. The oil flows out on the bearing 
surface and replenishes the lubricant 
film. One manufacturer has standard- 
ized three porosities classified as fol. 
lows: 


l. High porosity (25-35 percent), for 
high speeds and light loads 

2. Standard porosity (18-25 percent), 
for general purpose applications 

3. Low porosity (10-18 percent), for 
low speeds and medium to heavy loads. 
For intermittent operation and for slow 
oscillating and reciprocating motion. 


The pore openings in the bearing sur- 
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face are no more visible than the pores 
in the skin but hydraulic pressure or 
heat will bring oil to the mirror-like 
surface like skin perspiration on a hot 
humid day. It should be noted here that 
the bearing structure can and does take 
over the function of grease in holding 
lubricant in readiness for service and 
does away with the messiness of grease. 

A second advantage pointed out by 
Dr. Carl Claus, Bound Brook Oil-Less 
Bearing Company, is the fact that metal 
powders used in making bearings are 
of high purity and remain so during the 
manufacturing process since they are ex- 
posed to oxidizing temperatures only in 
a controlled atmospheric furnace. Blow 
holes and other possible casting defects 
are avoided. Uniformity of structure of 
porous bearings is assured by prede- 
termining weight and dimensions. 

Any changes in dimensions of a bear- 
ing resulting from the sintering oper- 
ation are corrected by a sizing operation 
in which the bearing is again com- 


pressed. This sizing operation gives the 
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Fig. 1—Production fixture for inserting a 
bearing into a rocker arm. The rocker 
arm is aligned with an inserting plug by 
a locating pin which is displaced by the 
bearing when it is pressed into place. 
The stripper plate releases the rocker 
arm from the inserting plug on the up- 
ward stroke of the press. Various other 
devices have also been worked out 


bearing surface its mirror-like finish, 
which it retains after installation, and 
an accuracy which is said to enable 
greatly decreased bearing clearances 
and resultant improvement in quietness 
of operation. 


Installation Method Important 


The method of installing the bearing 
is important to the satisfactory oper- 
ation of the bearing. These bearings 
can be mounted with closer clearances 
than are possible with cast and ma- 





chined bearings, and by cost-saving 
methods not applicable to other bear- 
ings. A hardened steel plug is used to 
maintain bore size and alignment in a 
simple press operation requiring no 
skilled operators, nor expensive tools. 
This plug is ground to 0.0002 in. over 
the minimum bore diameter desired 
after installation. The diameters of the 
bearing are generally dimensioned 
0.003-0.004 in. over the housing and 
shaft sizes. Pressing into the housing 
closes in the bore without affecting the 
finish produced by the sintering and 
repressing operations, it is said, and 
brings the bearing to the desired bore 
size around the inserting plug. For this 
operation the plug is rigidly supported 
to hold it concentric with the housing, 
so that regardless of any eccentricity of 
the bored holes for the bearing, the 
shaft will fit properly in line even if the 


axial alignment of the bored hole should 
be out 0.0008 in. for any reason. 


Reaming is not only unnecessary but 


is undesirable. It destroys the porosity 
at the surface of the bearing and also 
the mirror-like finish, and does not 
make a true cylindrical hole since it 
removed only the high spots on the 
bearing surface. 

When necessary to size the bore a 
maximum of 0.005 in. or to obtain 
graduated bore sizes for selective manu- 
facturing, special burnishing tools are 
recommended. Burnishing tools are of 
high speed steel with a hardness of 
Rockwell C60-62. Successive buttons on 
such a tool may increase in diameter 
by 0.0005-in. increments. 

While porous bronze bearings may 
be machined, this is discouraged by 
manufacturers of these bearings. Ma- 
chining by methods used on cast bronze 
seriously impairs the self-lubricating 
properties of the surface machined. 
When machining is necessary a “dead 
sharp, pointed shaped tool (¥ in. 
radius) of diamond or tungsten car- 
bide” is recommended, taking “a very 
light cut, 0.002 to 0.004 in. on the 
diameter, with a fine feed and high 
speed.” After machining, the bearing 
is soaked in a crankcase lubricating oil 
of good stability with respect to oxida- 
tion. The viscosity is usually S.A.E. 30. 
For quick impregnation, the oil is 
heated to 140 deg. F. and the bearing 
submerged 15 minutes, Oil may be re- 
moved when desired by immersion in 
such solvents as clean gasoline, carbon 
tetrachloride, ether, or alcohol. 

“If through error in machining. the 
porosity of a bearing is impaired." the 
engineering department of Chrysler Cor- 
poration has found that “the bearings 
can be restored by immersion in a bath 
of 50 percent nitric acid and 50 percent 
water for about 30 sec.” This acid treat- 
ment changes the bearing diameters by 
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Fig. 3—Examples of lubrication of self-lubricating bearings. (a) Afelt ring in the annular recess and in contact with the bearing be 

acts as an oil wick. (b) Bushing and thrust washer get lubricant from an oil cup. (c) A flanged bearing for radial and axial loads th 
fa 

0.0015 to 0.003 in., which can be taken complicated one in borderline applica- maximum speed of 500 ft. per min. ог а ha 

into account in machining. A water tions. Usual physical characteristics maximum load of 1,000 lb. per sq.in. m 

rinse, or better, neutralization with an such as hardness, tensile strength, elon- For intermittent or infrequent service 

alkaline solution such as soda ash, fol- gation, etc. do not have the same signifi- where this factor may go as high as 

lowed by a hot water rinse and immer- cance in their interpretation as they 60.000 with a load of 4,000 Ib. per sq.in., 

sion in a good oil at approximately 220 have in their application to cast bronze the drilled type bearing is recommended 

deg. F. for 20 min., should follow the bearings. and additional lubrication is required 

acid treatment, Chrysler experience Some evidence of the severity of for continuous service at 400 ft. per min. 

shows. service in which porous bronze bearings or more. p 


With these possibilities it has proved 
practical to make available cored and 
solid bar stock made from powdered 
metals in popular sizes to meet machine 
shop requirements. 


Allowable Bearing Pressures 


Permissible bearing pressure for self- 
lubricating bearings is said to be the 
equal of plain bronze installations. How- 
ever, one supplier points out that “there 
are so many variables present in the 
testing or operation of any bearing that 
definite recommendations regarding 
loads, speeds, clearances, etc. are im- 
possible. In addition we must consider 
composition, hardness, and methods of 
surface finishing of the shafts, methods 
of lubrication. operating temperatures, 
etc. So the problem is an extremely 





have been successful has already been 
cited from the experience of Chrysler 
Corporation, One manufacturer sets the 
safe static load, including shock, at 
4,000 lb. per sq. in. and uses the accom- 
panying chart, based on shaft load, 
speed and diameter to determine suit- 
able bearing pressures. Another manu- 
facturer suggests the use of a formula 
involving a PV (pressure-speed) factor. 
The use of a PV factor is of course, only 
a rough approximation because only two 
of the many factors involved are taken 
into account. Such conditions as the 
effect of housing design on heat dissipa- 
tion, bad dust conditions, extreme tem- 
peratures, and other variables of service 
must be allowed for. However, one 
manufacturer has found it safe to re- 
commend a PV factor of 30,000 with a 
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Fig. 2—A typical burnishing tool for porous bronze bearings has buttons whose 
diameters increase by 0.0005 to 0.001 in. to enlarge the bore 
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Sintered  self-lubricating bearings 
have been used in practically every 
known industry. The engineering de. 
partment, Johnson Bronze Co., lists the 
following bearings of this type used on 
automobiles: water pump. brake and 
clutch pedals, clutch pilot shaft, dis. 
tributor, windshield wipers, generator, 
heater, and starting motor. Many are 
used on all kinds of household appli. 
ances. Others are used on conveyors, 
business machines, electric motors, elec- 
tric fans, automobile accessories, textile 
machinery, food machinery, machine 
tools, portable tools, and in many other 
special applications. 


Service Determines Lubrication 


Lubricant recommendations vary with 
the service in which a bearing is placed. 
For general purpose applications, self- 
lubricating bearings are impregnated 
with a good grade of S.A.E. 20-30 oil 
having a low Conradson carbon. For 
operating temperatures above 175 deg. 
F. up to 250 deg., special lubricants are 
selected to suit the particular applica- 
tion. How long the oil will last in a 
sintered bearing is dependent upon such 
factors as the degree of porosity, oper- 
ating temperatures, and wall thickness 
of the bearing. Normally these bearings 
are not used at high temperatures since 
oxidation of lubricant is not only detri- 
mental to lubrication as in most bear- 
ings but also closes the pores of the 
bearing and destroys its self-lubricating 


PRODUCT ENGINEERING 








ád 


мө 


" э 0 





properties. Also, since copper has a 
catalytic effect upon the oxidation of oil 
which is aggravated by elevated tem- 
peratur: and the extensive surface con- 
tact provided by the capillaries in the 
bearing. oils highly resistant to oxida- 
tion have been found to be preferable to 
those which oxidize and leave a lacquer- 
like residue. Manufacturers recognize 
this characteristic of copper and one 
points out that “one great advantage 
gained by the use of the pure iron bear- 
ing is the total absence of the catalytic 
effect of copper in the oxidation of hot 
oil so noticeable in copper composition 
bearings.” However, it is also pointed 
out that millions of bearings have been 
in long service without experiencing this 
difficulty. 

The materials from which the porous 
bearings are made vary somewhat with 
the manufacturer. In general a manu- 
facturer standardizes on an alloy which 
has shown high qualifications but can 
readily vary the composition if cus- 





tomers make their own specifications. 
Bronzes have proved particularly desir- 
able as bearing materials. One maker 
of these bearings has standardized on 
90 percent copper and 10 percent tin. 
A small amount of graphite is added 
which serves as a die lubricant, pro- 
duces a desirable type of porosity, acts 
as a lubricant and gives the bearing 
some of its non-seizing characteristics. 
Johnson Bronze Company has standard- 
ized on a bearing containing 83-85 per- 
cent copper, 9.5-10.5 percent tin, 4-6 
percent lead, and 1.5 percent graphite. 
The addition of the lead is said to elimi- 
nate the harshness of the bronze and 
prevent galling on to a shaft and cutting 
it. This company points out that 95 
percent of the cast bronze bearing al- 
loys contain up to 10 percent lead. The 
value of the lead content is said to be 
shown by:a lowering of operating tem- 
peratures in comparable bearing ap- 
plications. 

Most producers of sintered bronze 





Fig. I—4 briquetting press used by Moraine Products Division of General Motors 


September, 1941 


bearings caution against applications 
where there is considerable shock or 
impact. The method of installing the 
bearing whereby alignment can be ac- 
complished because of the relative soft- 
ness of the metal also suggests caution. 
However, it is pointed by Johnson 
Bronze Company that “In this connec- 
tion it is well to remember that applica- 
tions requiring as much as 400 lb. per 
sq.in. constant load are rare indeed. . . . 
The porosity of any sintered bearing 
affects the load carrying capacity. For 
example a heavy load requires greater 
strength, thus limiting the porosity. 
When the load is light the porosity, and 
naturally the oil content, can be in- 





Fig. 5—Self-aligning bearing assembly. 
The bearing is seated in a two-piece 
cadmium plated steel shell with an oil 
saturated felt washer 


creased—up to 35 percent by volume. 
. . The compression strength of any 
alloy is comparable to its density.” In 
many instances operating conditions can 
be improved by design. Improvement 
in balance on a shaft is effective in 
reducing shock and impact loading. 

Chrysler engineers make a point of 
the hydraulic cushion provided by the 
capillary structure filled with oil in 
relation to sustaining severe pressures 
and shock loads. They also call atten- 
tion to progress in bearing strength and 
ductility which tends to eliminate break- 
age and to materially widen the field 
of application. 

The most common cause for failure of 
porous bronze bearings in correctly en- 
gineered applications is oil oxidation, 
causing gumming and seizing of the 
shaft. states the chief engineer of one of 
the leading producers of these bearings. 
Oxidation of petroleum oils is purely a 
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function of pressure, temperature, and 
time. The catalytic action of free cop- 
per, if present, will accelerate this 
condition. 


Pores Not Closed by Wear 


Normal bearing wear does not close 
off the pores of a porous bronze bearing, 
according to this authority, and con- 
firmed by others. When this condition 
occurs it can usually be traced back to 
such things as misalignment, overloads, 
oil oxidation, incorrect methods used at 
original installation, which in turn cause 
a galling or scoring of the bearing sur- 
face. Galling and scoring will close off 
the pores rapidly, just as will incorrect 
machining. Porous bronze bearings ap- 
pear to be extremely free from fatigue 
failures, probably due to the fact that 
the lack of continuity of the structure 
greatly reduces internal stress. 

Regarding powdered iron bearings, 
it is generally agreed that they have 
three important advantages over bronze: 
(1) greater strength to withstand high 
bearing pressures, (2) absence of 
catalytic effect on lubricating oil, and 
(3) low cost of material. Although they 
are proving advantageous in an increas- 
ing number of applications, it is not now 
possible to lay down definite recom- 
mendations as to their use. However, 
Moraine Products Division, General 
Motors Corporation, has found that 
“where speeds and loads are not ex- 
cessive (and these values are not yet 
definitely determined) and with flooded 
lubrication, powdered iron bearings are 
recommended, and are proving highly 
successful.” 

William G. Calkins, Amplex Division, 
Chrysler Corporation, states that 
“powdered iron bearings are much 
harder and stronger than bronze, and 
function best under conditions of ex- 
treme pressures and low velocities. An 
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outstanding example of this is railroad 
air brake mechanism where they will 
far out-perform carburized and hard- 
ened steel bushings." 

The self-lubrication of powdered iron 
bearings is not as positive as in bronze 
bearings and therefore they require gen- 
erally some provision for lubrication in 
addition to the lubricant retained in the 
capillary passages in the metal. More 
rigid specifications for bearing align- 
ment than for powdered bronze are gen- 
erally required also. 

There have also been experiments in 
combining iron with copper. One com- 
pany reports no advantages gained over 
pure iron while another has gone ahead 
in the manufacture of a powdered iron 
bearing containing 5 to 25 percent cop- 
per for certain types of service. These 
bearings are made in varying density, 
strength, ductility, and hardness to suit 
the application. 


Thousands of Sizes Available 


Available sizes of sleeve type self- 
lubricating bearings which are stocked 
or for which dies have been made, total 
close to 1,000 for one manufacturer. Of 
this total about 75 sizes are stocked by 
this company. Another company has 
close to 850 sizes of which 90 are 
stocked. A third has dies to make 1350 
sizes and a fourth can supply over 1550 
sizes. These sizes range for the most 
part from those for 4-in. shafts to those 
for 314-in. shafts. However, bearings up 
to 18 in. diameter have been made in 
quantity by at least one manufacturer. 

Flanged bearings are also available 
in a wide range of sizes from existing 
dies. Four manufacturers have die sizes 
totalling from 125 to 370 each for use 
on shafts ranging from тх іп. to 33%4 іп. 
in diameter. Dies are also available for 
many sizes of self-aligning bearings, 
thrust washers, seal rings, and cylindri- 
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cal splined bearings as well as for a f, 
special shapes. Engineers can use the 
die list to lower costs by eliminating 
tool expense. This is especially im 
portant where production volume range 
from 1,000 to 50,000 pieces a year. Mos 
orders for less than 1,000 pieces are 
made in the Hand Production Depart 
ment of one manufacturer where sep. 
arate tool equipment is used. Tool 
charges are said to be low enough gen. 
erally so that, when amortized over 
50,000 pieces or more, the cost is not 
important. 

Costs, of course, are dependent upon 
many variables such as size and special 
requirements. These bearings can be 
obtained not only in odd sizes but in odd 
shapes and in other alloys when speci. 
fied; also with closer dimensional toler. 
ances than are standard. Standard 
pressed powder sleeve bearings for 
shafts up to 34 in. diameter range for 
the most part from 10 to 15 cents each 
in quantities from 75 to 150 and from 
40 to 45 cents each when not more than 
a half dozen are required. A standard 
sleeve bearing for a l-in. shaft is 15 
to 25 cents each for 75 to 150 bearings 
or 45 to 50 cents each up to six. A bear. 
ing for a 1.5-inch shaft lists at 20 to 30 
cents each for 75 to 150 bearings or 50 
to 60 cents each up to six. Prices on 
quantities over 150 are subject to 
further reductions. In many instances 
the cost of these bearings is slightly 
more than that for cast and machined 
bearings. However, as proof that their 
cost is competitive with other type bear. 
ings the manufacturers point to the fact 
that the millions of these bearings which 
have come into use could only have done 
so with competitive prices, particularly 
in the case of the automotive industry 
where so many are used that major 
companies have plants of their own for 
making this type bearing. 
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Fig. 6—Allowances recommended by Keystone Carbon Company for press fits into housings and running fits after installation for 


varying shaft diameter 


500 


PRODUCT ENGINEERING 





ach 


han 


act 
ich 


ne 








е 


ST 
v 


D 
є 
Ф 


А 


uestion and 


Substitute Materials Quest Is Round-Robin; 


Production Expansion Claimed Only Solution 


R. E. BRUCKNER 


Possible substitutes for priority ma- 
terials have been, for the past few 
weeks, very much the No. 1 item of 
concern to design engineers. Several 
meetings have been held all over the 
country, much newspaper space has 
been devoted to the subject, and self- 
appointed authorities everywhere have 
branded nearly every material as both 
“strategic” and “plentiful.” I have at- 
tended several meetings under the 
auspices of the O.P.M. on the problem 
of materials substitutions. 

This whole question begins to look 
like the investigation of the Tweed Ring 
in New York City years ago. The 
political bosses all lined up in a circle 
and when asked to point out the guilty 
party each man pointed to his neighbor 
so that the investigators simply went 
around the circle and got nowhere. It 
appears that every metal suggested as 
a substitute is in itself either scarce or 
about to become so. 

We have been urged to use plastics 
for metals; actually, it is practically im- 
possible to place any large orders with 
the plastics industry which is already 
swamped. They may even have to cur- 
tail their production since many of the 
materials used in plastics are also used 
in munitions manufacture. As applied 
to my own problem of producing intri- 
cate precision machinery, the use of 
plastics is of little promise since they 
have a tendency to creep slightly and 
are dimensionally sensitive to tempera- 
ture and humidity changes. 

It is my personal opinion that this 
whole question of substitution of pri- 
ority materials reduces itself to a round- 
robin circus. It is high time that this 
country realizes that the question of 
plant expansion must not be determined 
by sitting back to consider whether the 
plant can be used after the war is over, 
but solely by the urgent war-time needs 
of the country. As far as I can deter- 


mine, most of the material shortages 
which now exist are caused by the wide- 
spread tendency to believe that the 
avoid^nce of idle plants after the war 
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is over is more important than the pres- 
ent defense needs of the country. It is 
my firm opinion that we should build 
new plants wherever needed as fast as 
we can build them regardless of whether 
or not they will be idle after the war is 
over. 

In other words, the only intelligent 
attack on this priority materials prob- 
lem is to take the bull by the horns and 
increase plant capacity as fast as pos- 
sible. Our present policy of fighting 
government demands for plant increases 
and scurrying around in useless search 
for substitute materials may prove fatal. 


Credit Is Due 
Where Credit Is Due 


To the Editor: 


We have noted with interest the splen- 
did presentation *Designs for Applying 
Press-Fit Seal Units" appearing in the 
July 1941 number of Propuct Enet- 
NEERING, prepared from the sketches 
submitted to you by us. 

However, the writer is somewhat 
chagrined to see that his name appears 
with the article. As a matter of fact 
the layouts and copy which we furnished 
to you were prepared by our Mr. E. P. 
Stahl. The writer merely served as an 
intermediary in the matter. 

We are sorry that this credit has been 
given where no credit is due. 

—R. J. HINKLE 
Garlock Packing Company 


One More Step 
In a Modern Design 


To the Editor: 


In Propuct ENGINEERING for Septem- 
ber 1940, pages 404—406, there is an 
interesting article entitled “Steps in a 
Modern Design,” by John C. Fagan of 
Proctor Electric Company. The “mod- 
ern design” referred to in the article 
was the “Never-Lift” electric iron, and 
many of the earlier stages of the design 


Comment 






Fig. 1—Early working model of the 
Never-Lift electric iron had a wooden 
handle supported by metal brackets 





Fig. 2—The 1941 Never-Lift iron can be 
used as electric or steam iron, has re- 
styled handle with headlight 


of this iron were illustrated in the 
article. 

Another step has just been taken in 
the design of this still-young and in- 
creasingly popular iron. As shown in 
the photograph herewith, the 1941 
model has a headlight socket, reflector 
and wiring molded as integral parts of 


“the Bakelite heat-resistant handle. The 


new iron also carries a cord support 
that consists of a 9-in. piece of 
chromium-plated rod extending out of 
the iron cover just under the supply 
cord. This support, which swivels at 
the base, has a phenolic molded ring 
cemented to its end so as to permit the 
user to remove the support when de- 
sired. 

In addition, the 1941 model is 
equipped for use with a steam attach- 
ment. The steam is piped to the iron 
from a separate steam generator. 

—Don Masson 
Bakelite Corporation 
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Self-Tapping Screws Used 
For Fastening Fabrics 


To the Editor: 


In addition to the methods shown in 
your article “Fastenings for Flexible 
Sheet Materials” (P.E. June, 1941, p. 
316-317), thread-cutting screws are fre- 
quently used for fastening sheet rubber 
and fabrics. Sketch (a) herewith shows 
how a rubber mat in an automobile is 
fastened with a strip metal molding. 
Rubber and metal strip are fastened to 
the floor sheet simultaneously by thread- 
cutting screws as shown. Sketch (b) in- 
dicates the use of thread-cutting screws 
with a common countersunk washer for 
fastening fabric to plastic. The holes 
for the screws can be either molded or 
drilled. —K. C. MacKay 

Shakeproof Lock Washer Company 
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Trigonometric Problem 
To the Editor: 


Here is a trigonometric problem 1 
came across the other day. The known 
dimensions are indicated on the draw- 
ing. The problem, as noted on the 
drawing, is to find the angle between the 
tangent and the horizontal.’ I have ar- 
rived at a solution by the trial and error 
method, but would like to know if there 
is a direct method. If any of your read- 
ers can find a direct solution to the 
problem, will you please publish it? 

—RaLPH CORNELIUS 


Cleveland, Ohio 


Wanted: A Sprayed-On 
Sound-Deadening Material 
To the Editor: 


We are confronted with a problem 
which involves finding the proper sound- 
deadening material. According to our 
specifications, this material is to he 
sprayed on certain parts of steel cabi- 
nets. These cabinets have drawer heads 
made of double wall construction, and 
the interior of these drawer heads con. 
tains this sound-deadening material. 

In finishing these cabinets a vapor de- 
greasing cleaning operation is used 
Most of the suppliers of sound-deaden. 
ing materials which can be applied in 
the manner described tell us that trich. 
lorethylene will affect their binder. 
They also tell us that their binder is 
affected by high temperatures. The ex- 
terior of the cabinets will be finished 
with a high-heat baked enamel. 

Do you know of zny sound deadening 
material that will meet our needs? 


—F. A. Gonsur 
Hamilton Manufacturing Co. 


Problem of Spur Gears 
With Varying Centers 


To the Editor: 


There is a little problem concerning 
involute spur-gears that, so far as I 
know. has received no attention in tech- 
nical literature. Perhaps some of your 





Can You Work This One? 


H. E. SMITH 


This month's problem— 


Teller's Mistake 


A man cashes a check, and by mis- 
take the teller gives him as many cents 
as the check calls for dollars and as 
many dollars as the check calls for 
cents. He later spends $1.93 of the 
money and then finds that he has two 
times as much money left as his check 
originally called for. What was the 
amount of the check? 


Solution to August problem— 


Royal Descendants 


An elderly queen, her daughter and 
little son, each weighing 195 lb., 105 
lb., and 90 lb., respectively, were kept 
prisoners at the top of a high tower. 
The only communication with the 
ground was a rope passing over a pulley 
with a basket at each end. The royal 


prisoners managed to descend in the 
baskets as follows, using the 75-lb. 
cannon-ball they found in the tower: 
The boy descended first, using the 
cannon-ball as a counterpoise. The 
queen and her daughter then took the 
cannon-ball out of the upper basket, 
and the daughter descended, the boy 
acting as a counterpoise. The cannon- 
ball was then allowed to run down 
alone. When it reached the ground, 
the daughter got into the basket along 
with the cannon-ball, and their joint 
weight acted as a counterpoise while 
the queen descended. The princess got 
out, and the cannon-ball was sent down 
alone. The boy then went down, the 
cannon-ball ascending. The daughter 
removed the cannon-ball and went down 
with her brother ascending. The latter 
then put the cannon-ball in the basket, 
let it descend alone, and then descended 
in the empty basket with the ball as a 
counterpoise. 
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readers might be interested in solving it. 
Problem—The center-distance of two 
involute spur-gears varies continuously 
in obedience to any law whatever be- 
tween certain limits while the mecha- 
nism functions; if the driving gear turns 
with constant angular speed, does the 





angular speed of the driven gear vary? 
If it does vary, (1) derive a formula by 
which the variation may be calculated. 
(2) determine whether or not there is 
a path along which the center can be 
moved in varying the center-distance to 
produce no variation in speed. 








That this question is of considerable 
practical interest is evident because 
there are many applications of spur- 
gear drives in which the center-distance 
has to vary while the drive functions. 
—Proressor W. H. RascHkE 
Virginia Polytechnic Institute 





Case Histories in Patent Law 


NO. 24 


QuEsTION: What is patent infringe- 
ment procedure? 


Answer: After a suit has been filed 
in the United States Court for a patent 
infringement, the defendant files an 
answer in which it.sets up the defenses 
of prior patents, prior publications and 
prior public use and sale. Such anticipa- 
tory matter is found as a result of 
searches in the Patent Office records, 
the literature of the industry and among 
other manufacturers who may have 
practiced prior uses. 

In order to prove the existence of 
such prior uses, it is necessary to call 
witnesses having knowledge of the facts 
whose testimony must be supported by 
dated records, drawings, and where pos- 
sible, photographs or the production of 
the actual prior use apparatus itself? 
This proof must be beyond a reasonable 
doubt, i.e., it must be of the same quality 
of proof that is necessary to convict a 
defendant of murder. Such a strenuous 
rule of proof to defeat a patent requires 
the utmost care in preparing and pre- 
senting the evidence. 

The prior use does not need to be a 
commercial success. If it discloses the 
invention even though the early use of 
the idea turned out disastrously com- 
mercially, it is still a good prior use 
proof and will defeat a patent. On this 
subject Mr. Justice Stone in the noted 
Smith Incubator Case said as to the 
Hastings prior use: 

“Petitioner urges, and we have con- 
sidered, numerous other objections to 
the sufficiency of proof of the Hastings 
prior use. The only one calling for any 
comment is the suggestion that the 
Brooklyn and Muskogee enterprises 
were not commercially successful. Com- 
mercial success may turn the scale when 
invention is in doubt . . . and the want 
of it may in some circumstances be evi- 
dence of want of operative success. But 
here Hastings by the use of a method 
which we have sustained as an inven- 
tion . . , has attained the particular 
results described by the patent. He 
knew the method and used it in a device 
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capable of employing it. In such cir- 
cumstances want of commercial success, 
which the record suggests may have 
been due to lack of technical and busi- 
ness skill, is not an indication that there 
was no prior use.” 

Prior use proof must be clear, definite 
and specific. It must, above all, be truth- 
ful and inherently probable because the 
Judge has the right to discard the testi- 
mony no matter how effective nor how 
many witnesses may have testified, if he 
is not convinced it is true. This has 
often happened. 

In the famous Barbed Wire Patent 
Case, in which there were some twenty- 
four witnesses, 143 U.S. 275, the Su- 
preme Court stated: 

“. . . We have now to deal with cer- 
tain unpatented devices, claimed to be 
complete anticipations of this patent, 
the existence and use of which are 
proven only by oral testimony. In view 
of the unsatisfactory character of such 
testimony, arising from the forgetful- 
ness of witnesses, their liability to mis- 
takes, their proneness to recollect things 
as the party calling them would have 
them recollect them, aside from the 
temptation to actual perjury, courts 
have not only imposed upon defendants 
the burden of proving such devices, but 
have required that the proof shall be 
clear, satisfactory and beyond a rea- 
sonable doubt. Witnesses whose mem- 
ories are prodded by the eagerness of 
interested parties to elicit testimony 
favorable to themselves are not usually 
to be depended upon for accurate in- 
formation.” 

The patents and publications are 
offered in evidence without elaborate 
proof. The proof of circulation of the 
publications and their date of publica- 
tion is sufficient to establish the exis- 
tence of the publication in the trade, 
but such patents or publications must, 
in themselves, within their four corners, 
be sufficient to constitute an anticipa- 
tion. You cannot read into them by ex- 
perimental work, or otherwise, what 
they do not show on their face. As was 
said in Badische v. Kalle (C.C.A. 2), 
104 F. 802, Judge Lacombe stated: 


“. . . The ‘description in a printed 
publication’ of the statute is to be found 
within the four corners of such printed 
publication. Judge Coxe tersely and 
accurately expresses the law and the 
reason for it in the following passage: 

‘The question is, what does the prior 
publication say? Not what it might have 
said, or what it should have said. If 
prior patents and publications can be 
reconstructed by extrinsic evidence to 
fit the exigencies of the case, the in- 
quiry will no longer be confined to 
what the publication communicates to 
the public, but it will be transferred to 
an endeavor to ascertain what its author 
intended to communicate’ ” 

Then too, the patents and publica- 
tions cannot be combined in order to 
make out anticipation by showing one 
part of the invention in one patent and 
another part in another patent. 

In Bates v. Coe, 98 U.S. 31, the 
Supreme Court established the doctrine 
that: 

*Where the thing patented is an en- 
tirety, consisting of a single device or 
combination of old elements, incapable 
of division or separate use, the re- 
spondent cannot escape the charge of 
infringement by alleging or proving that 
a part of the entire thing is found in one 
prior patent or printed publication or 
machine, and another part in another 
prior exhibit, and still another part in 
a third one, and from the three or any 
greater number of such exhibits draw 
the conclusion that the patentee is not 
the original and first inventor of the 
patented improvement." 

In Hoeltke v. Kemp (C.C.A. 4), 80 F. 
(2d) 912, it was stated by the Court 
that: 

“Defendant has cited 33 patents as 
basis for its contention that complain- 
ant’s invention is lacking in novelty; 
and this in itself is some evidence of 
the weakness of the contention. 
While each of the devices which com- 
plainant uses is to be found in one or 
more of the patents cited, none of these 
patents covers any such combination as 
the automatic safety fire check which 
complainant has evolved. . . ." 
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Bausch & Lomb and National Defense 


BLAZING HEADLINES in the newspapers 
of the country early in 1940 imbedded 
in the minds of the public the mistaken 
belief that Germany “controlled,” had 
access to, or perhaps even “owned” pro- 
duction facilities of military optical in- 
struments for the United States Army 
and Navy. This was the imaginative 
interpretation the press erroneously 
gave to charges made at that time by 
the Anti-Trust Division of the Depart- 
ment of Justice against Bausch & Lomb 
and Zeiss—charges to the effect that 
these two companies were conspiring to 
suppress competition by dividing the 
world into exclusive territories. 

In spite of settlement of these charges 
by common consent, the feeling still 
seems to persist in some quarters that 
the Fifth Column had come dangerously 
near to throttling our source of es- 
sential optical instruments. 

True. Bausch & Lomb had, іп 1921. 
entered into a contract with Zeiss, but 
the whole truth of the matter is that 
our Army and Navy benefited by it be- 
cause details of advanced German in- 
struments were thus made accessible. 
Also. B. & L. had notified Zeiss that 
the contract was suspended as soon as 
the war came to Europe. Certain items 
in the contract actually had become void 
shortly after Nazi control over Zeiss 
began to be felt. 

First relations between Bausch & 
Lomb and Zeiss started when young 
American-born Edward Bausch, son of 
the founder, traveled to Europe to learn 
European techniques, and returned with 
licenses to make products in the U. S. 
based upon research by Prof. Ernst 
Abbe of Zeiss. Later, Zeiss sent a rep- 
resentative from Jena to see about set- 
ting up a factory here to make Military 
apparatus. So impressed was he with 
Bausch & Lomb’s techniques, that he 
decide’ it was better to hook up with 
them. So, in 1907, Zeiss bought a one- 
fifth interest in B. & L., the latter com- 
pany producing Zeiss equipment. 

During World War I, B. & L. filled 
military orders for the Allies. When 
Zeiss protested this, the American con- 
cern felt it best to sever relations, so 
immediately bought back all the stock 
held by Zeiss. 

The next agreement was entered into 
shortly after the war when Zeiss, in 
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order to keep their war-torn organiza- 
tion together, agreed to supply designs 
and samples of their most advanced 
military instruments to Bausch & Lomb 
and to the U. S. Government. The con- 
tract gave B. & L. a license to make 
equipment under Zeiss patents, and 
called for royalty payments to Zeiss. 
The terms of the contract limited the 
agreement to the U. S., the only terri- 
tory in which B. & L. was interested. 
If Bausch and Lomb should be offered 
contracts on military optical instru- 
ments outside of the U. S., Zeiss was 
to be consulted. 

This latter clause was eliminated in 
1926 when it was discovered to be a 
violation of the Sherman Act. The re- 
vised contract was filed with the De- 
partment of Justice in 1929. In 1937 
a copy was filed with the S.E.C.; this 
was the copy that was discovered by the 
Department of Justice in 1939 when it 
was seeking “packground” for indict- 
ments. 

In 1938, Bausch & Lomb accused 
Zeiss of having made no worthwhile 
contribution on their contract for 5 
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Sweating of the cool surface of this 
circulating water pump is prevented by 
insulating the pump and valve with a 
coating of cork particles and rubber 
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years, and shortly thereafter suspended 
royalty payments and rendered the 
contract inoperative. It was on this 
already abandoned contract that the 
restraint of trade charges were based. 

The character and service record of 
Bausch & Lomb, well known to and 
often commended by the Army and 
Navy, has never been well publicized. 
But it is to the efforts of this company 
that the United States owes its self-suffi- 
ciency in military optical instruments 
and optical glass. It is not surprising 
that the Bausch & Lomb Optical Com. 
pany has just been awarded the Flag of 
the Bureau of Ordnance of the Navy 
Department in recognition of outstand- 
ing performance in our National De- 
fense Program. 


Battelle Institute Builds 
35,000-sq. ft. Addition 


A FOURTH major building expansion 
program in recent years is under way 
at Battelle Memorial Institute, Colum- 
bus, Ohio, where a $160,000 addition 
to the process metallurgy laboratory 
building is under construction. Addi- 
tional space demands of enlarged re- 





cement. Recently installed in the To- 
ronto Station of Ohio Edison, this pump 
is driven by a 200-hp., 360-r.p.m., 2,300- 
volt Westinghouse induction motor. 
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search programs concerned with the 
study of chemical and metallurgical 
processes on a pilot-plant scale will be 
provided for when the structure is com- 
pleted. Office-laboratory facilities are 
planned for 50 additional research en- 


gineers and technicians. 


Silver Research Throws 
Light on Substitute Uses 


SILVER OR SILVER PLATING may well be 
substituted for aluminum foil, for nickel 
as an undercoating in chromium plat- 
ing. for tin in lead solders, for tin in 
containers, and to reduce the tin con- 
tent in corrosion-proof tubes, accord- 
ing to the research progress report just 
issued by the American Silver Produc- 
ers. 

Where sheet or foil aluminum is re- 
quired for its corrosion resistance or 
reflectivity, silver plating on available 
metals can be substituted. In chromium 
plating, experiments are now under 
way to determine what the advantages 
are of a corrosion-resistant, silver base 
for wear-resistant chromium. It is hoped 
that aluminum and nickel can be re- 
placed in part by silver in such parts 
as refrigerator shelves, ice cube trays, 
toasters, and others. 

Tests made on extruded tubing made 
from a 3.5 percent silver—96.5 percent 
tin alloy have shown a bursting strength 
of 2,500 lb. per sq. in.—almost double 
that of pure tin. Tests on threaded 
joints showed that the alloy had 25 
percent greater tensile strength than 
joints made with pure tin tubing. This 
may make feasable threaded connec- 
tions in distilled water lines. 

Silver-lined cans for packaging chem- 
icals are now in development, and con- 
tainers with silver coatings have also 
been packed with different commodi- 
tiess, Results from service tests have 
been varied, and at the present time 
it has not been determined why some 
container linings are satisfactory, and 
others contaminate the products. For 
the general run of containers. the ad- 
vantages of silver do not warrant the 
extra cost, but for packaging some spe- 
cialized products, silver is the most 
desirable container lining. 





Parts and Supplies 
Given Defense Rating 


REALIZING that the flow of tools, sup- 
plies and equipment, which evezy plant 
must have in order to maintain produc- 
tion. is threatened unless producers of 
such items are given priority for raw 
materials, the Priorities Division has 
established the Defense Supplies Rat- 
ing Plan. This plan sets up a priority 
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Hydraulie airplane propeller oí 
a new type, shown here set up for 
vibration tests, is now going into pro- 
duction in the big new plant of Gen- 
eral Motors’ Aeroproducts Division 
near Dayton, Ohio. With these propel- 
lers. engine speeds are held constant. 
To meet variations in load requirements, 


blade angles are automatically changed 
by a centrifugally operated mechanism 
within the hub. Blades are of hollow. 
heat-treated gear steel, and are sur- 
prisingly light. Propellers in all types 
and sizes for Allison engines have been 
designed and are in test. Propellers 
for 2,000-hp. are in development. 





for future business on the basis of past 
business, and requires manufacturers 
of these items to show evidence that 
their products are used for defense. 
This, in turn, calls for complete coopera- 
tion of the user. 

Manufacturers granted use of the 
plan will determine the percentage of 
their total production that goes into 
defense channels and will then be given 
an A-10 rating on that part of their 
materials requirements. These percen- 
tage figures will be determined from 
information secured from customers, 
who will be asked: 


(1) To identify orders for items that 
will be used for defense work. 

(2) To furnish a monthly notarized 
affidavit stating the percent of defense 
sales to total sales made by the cus- 
tomer. 

These requests are being made now. 
and this activity has been gaining mo- 
mentum during the last two months. 
Ratings are being issued as fast as the 
supplies manufacturers can complete 
their data, but it is believed that this 
is not fast enough to avoid difficulty. 
Chief cause for delay is lack of coopera- 
tion of the customers, some of whom 
take the typical attitude: “I've had no 
trouble yet, and will do something about 
it at the first sign of trouble.” This 
attitude, according to O.P.M., fails to 
recognize that this class of supplies 
and parts must be made well in advance 
and kept in stock until required. 


Do You Know That— 


SYNTHETIC RUBBER can be sprayed on 
metal and other materials by a new 
process which sprays powdered mate- 
rial through a gas flame. The synthe- 
tic rubber fuses into a smooth continu- 
ous film on the metal. (54) 


THE 82-rou DoucLas B-19 BOMBER 
is the first airplane with engines total- 
ling 8,000 hp. Four engines in a Pan 
American Clipper total 6,400 hp., and 
twelve engines in the famous Dornier 


DO-X totalled 7,200 hp. (55) 


RECORDING INSTRUMENT CHARTS, made 
in three eye-ease colors of plastic, can 
be wiped clean and re-used. Average 
life is two years. (56) 


SAFETY GOGGLES are now available 
with lenses ground to prescription to 
correct defective vision. (57) 


TAPERED ROLLER BEARINGS are re- 
placing babbitted thrust bearings on 
marine propeller shafts because of in- 
creased thrust loads set up by modern 
high-powered diesel engines. (58) 


DEFENSE PROBLEMS keep two-thirds 
of the research staff busy in one lead- 
ing electrical manufacturing company. 
The laboratory’s own machine shop is 
working 56 hr. a week—90 percent 
on war work. (59) 
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Seen in a shipyard, by Propuct EN- 
GINEERING'S Washington writer on an 
inspection trip: torch men cut holes and 
bevels in plate steel almost as smooth 
as it can be done with tools; an all- 
welded ship looking modern and clean 
as a bombshell. A British vessel in for 
repairs after caving its stem in a con- 
voy collision. The hole, big enough to 
throw an automobile through, had been 
filled with concrete, and the ship made 
three or four more Atlantic crossings. 
Shipbuilder had to send for the duPont 
boys to blast the concrete out. 


Floating oil tanks, capable of being 
floated down rivers and towed across 
the ocean, have been proposed to the 
Government by Earle P. Halliburton, 
industrialist of Oklahoma. The size 
suggested is 100,000 barrels. Hallibur- 
ton said that large vessels could tow a 
string of them. In his o inion the tanks 
could be built at the rate of one every 
four days. It was unofficially reported 
that Washington engineers were much 
interested. 


Styles, sizes and models of all man- 
ner of things are moving toward stand- 
ardization and simplification. If the 
war goes on the “alikeness” of prod- 
ucts will go to limits now unthought of. 
During the World War the defense au- 
thorities had figured out standard gar- 
ments for men and women and if peace 
hadn’t come, America would have been 
in coveralls or whatever it was. Don- 
ald Nelson, O.P.M. chief of purchases, 
said recently that a Washington bureau 
soon would be set up to handle stand- 
ardization, materials substitutes, etc. In 
the past, 125 sizes of wheelbarrows were 
reduced to 41; 8.000 sizes and varieties 
of abrasive paper were cut to 2,000; 
386 kinds of forgehammers were 
trimmed to 180; 5,000 varieties of 
spades and shovels were boiled down to 
1.000. Even these records could be 
drastically outdone. 


Voltage reaching spark plugs can 
be told at a glance by the pilot of mili- 
tary planes. Bureau of Standards de- 
veloped the device for Navy, in an effort 
to find better, more dependable plugs. 
Most plugs used in American aircraft 
engines are mica, although great inter- 
est is shown recently in porcelain plugs. 
When mica plugs reach a very high 
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temperature, they may become con- 
ductors, and short their spark gaps. 
Also, under some conditions, lead from 
the gasoline works into the leaves of 
mica and the plug becomes a conductor. 
Different types of plugs are required for 
different aircraft engines. For instance, 
a plug that gave maximum performance 
in the British Rolls-Royce engine failed 
to work in a similar American engine. 
The Bureau has been working on the 
problem for months and will continue. 


Information in Washington is 
more than a little confusing. Here are 
two examples of what a writer is up 
against. One day recently an expert 
in glass manufacturing told us that 
“bullet proof” glass in military planes 
is 34 in. thick; that it will stop .30-cal. 
bullets, but cannot be depended upon 
to stop .50’s. Then immediately a 
science writer telis us that the glass is 
three inches thick and it will stop .50's 
at close rang^, hitting at right angles. 
Another time an airplane builder, sell. 
ing fighter planes to Britain, told us the 
British are moss-backs, and that they 
stick to .30-cal. machine guns, ignoring 
the new 20-mm. and 37-mm. shell guns, 
one hit from which can demolish a 
plane. In three days comes a report 
from Britain that the new Beaufort 
fighter is bristling with 20-mm. shell 
guns. To speak mildly, it's exasperat- 


ing. 


Dr. Vannevar Bush, president of 
the Carnegie Institution of Washington, 
until recently chairman of the National 
Defense Research Committee, and chair- 
man of the National Advisory Commit- 
tee for Aeronautics, is now director of 
the new Office of Emergency Manage- 
ment, created by executive order of the 
President. This office will serve as 
liaison between all government research 
agencies. Dr. Bush said that he will 
depend heavily upon the old research 
groups, particularly upon the National 
Academy of Sciences and the National 
Research Council. The aim, of course, 
is to develop new weapons and defense 
equipment as rapidly as possible. 


Vapor loek tends to develop in air- 
craft engines when they are climbing 
steeply to high altitudes, particularly 
during hot weather. Tests by the Ser- 
vices and air operators show that 


the pump in the fuel system causes the 
gasoline to boil, which generates the 
vapor. The Bureau of Standards has 
worked out information which is mak- 
ing possible the design of fuel systems 
that in large measure eliminate the 
boiling of fuel. A second pump is 
placed in such a position that the fuel 
is moved with the least possible suc- 
tion. Large and better-placed fuel 
lines also help. Every valve and fitting 
was analyzed and found to have an in- 
dividual resistance to the flow of fuel 
and vapor. The vapor problem is not 
yet completely solved, but more depend- 
able performance of airplane fuel sys- 
tems is already achieved. 


Army will adopt carbines, replac- 
ing nearlv all of the .45-cal. pistols now 
in use. Seven models, six by commer- 
cial manufacturers and one by Ord- 
nance, have been tested. All but two 
have been eliminated. One of the re- 
maining two is really a little Garand, 
the Army's new semi-automatic. Both 
guns will be carried in field tests and 
subjected to all sorts of abuses. The 
carbine will be 8 in. shorter than the 
Garand or Springfield, and about 4 lb. 
lighter. It will use .30-cal. ammunition 
which is not, however, interchangeable 
with regular rifle ammunition. Its feed 
will be clips of two sizes: one holding 
ten rounds and the other 20. Overall 
length; 36 in.; barrel, 18 in.; weight. 
5 lb.; type, semi-automatic, gas-oper- 
ated. Carbines are intended for men 
whose duties prohibit carrying regular 
rifles, and will increase the number 
of rifles in a regiment of infantry about 
50 percent. 


Soybean protein, to replace casein 
for defense aahesives, is being expanded 
by Department of Agriculture chemists. 
Because casein is a milk derivative its 
production is limited, and is progres- 
sively more limited as demand for edible 
milk for health building and lend-lease 
export increases. [t is estimated that 
10,000 tons of soybean protein will be 
required annually to make up for casein 
shortages. This is three or four times 
present production. Soybean protein 
can be substituted for casein, with only 
small differences, for paper coatings, 
plywoods, plastics, water paints, paper 
sizing, leather finishes, and insect 
sprays. 
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lew Materials and Parts 


Torflex Bearings With 
Bronze on Steel Bushings 


Recommended for application where 
the Torflex construction is required to 
fit into a smaller space, new bearings 
are now being made with inner walls 





of a new, thinner material of either 
plain or graphited bronze on steel. In- 


creased resistance to pounding and 
shock, a low coefficient of friction, and 
a wider range of sizes and shapes are 
features. The increased shock resistance, 
together. with the Torflex backing. per- 
mit the combination to be used where 
excessively high impact and shock are 
present, and where cast bronze bearing 
material alone would not stand up. The 
rubber wall surrounding the center 
inner wall section can be made in al- 
most any thickness necessary to handle 
radial loads, or to compensate for mis- 
alignment, to stop vibration and trans- 
mission of noise, and for similar re- 
quirements. Harris Products Co., 5408 
Commonwealth Ave., Detroit, Mich. 


Time Cycle Controller 


Designed for use on tire molds and 
other plant operations where a number 
of factors must be accurately timed 
according to a fixed program, the new 
model A-118 impulse-sequence cycle 
controller actuates or engages the neces- 
sary mechanical, electrical or pneumatic 
devices for automatically carrying out 
the intended schedule. Time measure- 
ments and pilot valve operations are 
handled by separate mechanisms. Sepa- 
ration of these two functions gives ac- 


September, 1941 








curate timing of the factors under con- 
trol, high speed and torque for pilot 
valve operation, and flexibility of ap- 
plication. Timing is accomplished by 
a Telechron-driven aluminum disk on 
which is printed a 25-in. time scale. The 
desired schedule of operations is 
punched with an ordinary ticket punch 
on the time scale. The location of these 
holes determines the time of operation 
of the cam mechanism. The cams are 
individually adjustable and their setting 
does not require fine adjustment. The 
Bristol Co., Waterbury, Conn. 
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Rubber Base Paint 


Paratex metal coating, a chlorinated 
rubber base metal coating, is especially 
adapted to all types of exposed iron and 
steel, and can also be applied to protect 
aluminum, copper and galvanized met- 
als. The coating is resistant to acids, 
alkali, fumes and chemicals. Paratex 
paint uses only pigments which are in- 
hibitive or neutral to steel corrosion. 
Paratex primer is reinforced with rust- 
inhibitive elements so as to provide 
maximum rust protection. The primer, 
when applied over scales of rust and 
paint that do not have true adhesion to 
the surface, is found to penetrate and 
work its way laterally under those scales 
and turn up the edges to view. This 
shows up the defects of a priming job 
at once, rather than months later. Avail- 
able in standard size containers and in 
standard colors. Truscon Laboratories, 


Detroit, Mich. 





Dust Tight Interrupter 


Circuits in outdoor, damp, wet, or 
dusty locations can safely be discon- 
nected or interrupted by this new non- 
automatic inclosed De-ion circuit inter- 
rupter. A closely machined fit between 
the handle shaft and bushing with heavy 
rubber gaskets between the inclosure 
and cover make them water-tight. In- 
closures (NEMA Types 4 and 5). are 
furnished in either cast aluminum or 
cast iron, both of which have an alumi- 
nized finish. A high interrupting capac- 
ity is provided to interrupt a circuit 
adjusted for 5,000 to 10,000 amp. de- 
pending upon frame size. De-ion arc 
quenchers confine, divide ani extin- 
guish arcs almost instantly as the con- 
tacts open, thus prolonging contact 


life. Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 





Vibration Insulators 


To decrease vibration and noise in 
mounting machinery of many types, 
three new Vibro-Insulators are now 
available. Type I-4 is recommended for 
a load in vertical shear of 80 lb. per 
sq. in., deflection in shear of 1 in., at a 
loading of 80 lb., and a minimum dis- 
turbing frequency at this deflection of 
470 per min. This type can also be sup- 
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TYPE 33 TYPE 36 


plied with the rubber in compression. 
In Type 33. the rubber is applied only 
in compression with the maximum load- 
ing 150 lb., and the deflection at that 
point į in. with the minimum disturb- 
ing frequency at that deflection 1,200 
per min. Type 36, although best 
adapted for work with the rubber in 
compression, can also be applied in 
shear. With 35 and 50 durometer hard- 
ness. loading beyond 20 percent of the 
rubber thickness, or 0.175 in. is not 
recommended. Under this load the 
minimum disturbing frequency is 1,250 
per min. and the load necessary to de- 
flect the 35 durometer mounting is 100 
lb.. and for 50 durometer mounting 85 
lb. These are maximum load limits with 
lower loads recommended where pos- 
sible. especially where the disturbing 
frequencies are greater than 1.250. B. F. 
Goodrich Co., Akron, Ohio. 


Thermostat 


This slow make and break thermo- 
stat was designed for applications where 
an inexpensive small thermostat is re- 
quired to control temperatures. It is 
claimed to be ideally suited for use as 
an over- or under-temperature cut-out 
Construction is sturdy and compact. 
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Contacts are large, silver-to-silver. The 
thermostat can be built for a wide 
range of temperature settings and vari- 
ous operating combinations. It will 
handle loads up to 1,000 watts and 
voltages up to 120 volts a.c., 60 cycles. 
Curtis Development & Mfg. Co., 3266 
N. 33rd St., Milwaukee, Wis. 


Immersion Tin Finish 


Bon White, a new immersion tin fin- 
ish applicable to all copper and brass 
surfaces, can be applied in 10 sec. and 
can, in many instances, replace slow 
boiling methods of tin plating. The 
solution is prepared by dissolving 16 
oz. of sodium cyanide and 6 oz. of Bon 
White paste in 1 gal. of boiling water. 
When cooled to room temperature, no 
farther heat is necessary and no ad- 
justment is required. Enamel and glass 
containers are used and the work can 
be handled in baskets or on wire. The 
inexpensive, highly effective white fin- 
ish, being pure tin, has considerable 
tarnish resistance. Alrose Chemical Co., 
Providence, R. I. 


Precision Switch 


Requiring a minimum of change in 
operating pressure to produce a direct 
positive make and break, this snap- 
action precision switch operates on a 
new principle with a wide variety of 
modifications adapting it for many uses. 
Long service under continuous oper- 
ations and resistance to wear are other 
outstanding characteristics. Friction is 
almost totally eliminated. The switch 
can be adapted to special shapes, sizes 
and positions, or built into almost any 
style mechanism. It is single pole and 
is furnished with normally open, nor- 
mally closed or double throw contact 
arrangements. Pressure is from 10 02. 
to 14 oz. Weight is less than 1 oz. Avail- 
able in three standard models: 10 amp., 
115 volts a.c.; 5 amp., 250 volts a.c.; 
and 3 amp.. 450 volts a.c. Acro Electric 
Co.. 3176 Fulton Rd.. Cleveland. Ohio. 





Electronic Counter 


This high-speed electronic counter is 
capable of counting from 0 to 2,000 
counts per min., regardless of the raie 
or variations of the flow of the objects 
to be counted. The counter input cir- 
cuit (two conductors) is connected to a 
single throw, single pole switch which 
is actuated by the moving objects being 
counted. The high-speed counting is 
made possible by using a number of gas. 
triodes. The usual set-up is to have 
a cycle of 5—numbered 1. 2. 3. 4 and 0. 





Each count is picked up by a gas-triode 
in the order stated. Every time No. 0 
is fired the registering device is moved 
up another unit, and then the cycle of 
firing the other gas-triodes is repeated. 
At the end of the run, the total count 
is obtained by multiplying the figures 
indicated on the register by 5. and add- 
ing the serial number of the gas-triode 
lighted. Shallcross Mfg. Ce.. Collindale, 
Pa. 


Precision Switch 


A cast metal housing for installation 
in conduit wiring systems is now avail- 
able for the Type D Mu-Switch. For 
industrial and machine tool applica- 
tions, the housing is of bronze with hub 





tapped for l$5.in. pipe thread; for air- 
craft application, an aluminum case is 
used with male 34-in.—20 thread; 
others to specification. Access to the 
large binding screw terminals of this 
2-kw. precision switch is provided by a 
readily removable base with two mount- 
ing holes on 1% in. centers. An im- 
portant feature of the conduit style is 
its built-in, blow out magnet which 
quickly quenches the d.c. arc, thus pro- 
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longing contact life and obviating need 
for condensers. Available with com- 
pression plunger over-travel mechanism 
capable of absorbing fs over-travel, with 
leaf spring, roller, or  short-travel 
plunger. Mu-Switch Corp., Canton, 
Mass. 


Rubber Micrometer 


Soft or compressible materials can 
be measured in thickness with the Car- 
son Rubber Micrometer to the same 
degree of precision obtained with pre- 
cision measuring instruments on steel 
parts. The Carson Rubber Micrometer 
consists of a precision micrometer head 
fitted with a large diameter dial and 
mounted in a rigid instrument frame. 
When the micrometer tip is brought into 
contact with a metallic rider resting 
upon the work, exact instant of contact 
is indicated by a green light before 
any pressure is exerted on the piece 
being measured. This is made possible 
by a special electronic circuit operating 
on a new “currentless contact” prin- 
ciple sensitive to displacements as small 
as five millionths of an inch. The in- 
strument is available with a variet, of 
special fittings and attachments for 





specific measuring problems on such 
materials as rubber, paper, plastics, 
cork, fibre, leather, felt, insulated wire 
and textiles, Instrument Specialties 
Co., Inc., 240 Bergen Blvd., Little Falls, 
N. J. 


Plastic Molding 


A new design of extruded plastic 
molding has a “T” shape with a small 
barb on the flanged portion of the strip. 
When this arrow portion of the strip is 
forced into a groove cut in wood, soft 
plastic or similar material, it “bites” 
into the wood and holds the molding in 
place. The curve of the “T” tends to 
pull the inserted part out of the wood. 
thus increasing the grip of the plastic. 
Made of Tenite, this new “Interlox” ex- 
truded molding is available in two 
widths and many colors. The molding 
can be punched, nailed. stamped, 
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drilled, or sawed without chipping or 
cracking. The resilience of the plastic 
and its unique shape allows the trim to 
be formed with ease around corners. 


Extruded Plastics, Inc., Naugatuck, 


Conn. 


Ink for Marking 
Vinyl-Acetate Sheets 


in ink that can be furnished in any 
standard color, silver, gold, black, 
white, blue, red and other colors, suc- 
cessfully marks or prints on vinyl-ace- 
tate plastic sheets. It is compounded 
in a paste form and used as a regular 
printing ink. By spreading on a flat 
plate or platen it can be applied by 
rubber stamp or metal die. The new 
ink penetrates the vinyl-acetate sur- 
face: color content adheres under rigid 
tests such as rubbing, weather tests. 
salt water tests and all natural condi- 
tions. The Acromark Corporation, 251- 


257 N. Broad St., Elizabeth, N. J. 


Solenoid for Machine Tools 


An improved solenoid designed pri- 
marily for machine tools cannot be 
harmed by oil or coolant; the cloth- 
taped coil is impregnated with oil-resist- 
ant and water-resistant varnish. The 
improved construction is more rigid. 
with integral feet and side plates. and 
with more and heavier rivets. The pull 
exerted by the PA-3945-C solenoid 


plunger at 110 volts ranges from a 
maximum of 23 lb. at zero stroke to 5 
lb. when the plunger is extended 1 in. 
Corresponding current flowing in the 








solenoid at 110 volts for corresponding 
strokes and pulls ranges from 0.76 amp. 
at zero stroke to about 5 amp. at 1 іп. 
To avoid over-heating, the solenoid 
should be used so that any current flow 
in excess of the minimum is momentary 
only. John S. Barnes Corp., 301 So. 
Water St., Rockford, Ill. 


V arnish-Saturated Tubing 


A new line of varnish-saturated tub- 
ing for increasing dielectric strength 
of insulated wires when used as leads, 
connecting wires, or for insulating bare 
wires, is made of closely woven cotton 
varns thoroughly impregnated with in- 
sulating varnishes. The varnishes pene- 
trate all through the tubing rather than 
forming veneer laminations on the 
surface. The tubings have an exception- 
ally high factor of flexibility and dielec- 
tric strength combined with low 
moisture absorption. Three grades are 
available, in sizes 20 to minus 1%, 
either black or yellow. Appliance and 
Merchandise Dept., General Electric 
Co., Bridgeport, Conn. 


Self-Compensating Springs 


Utilizing the property of a 36-percent 
nickel steel to become stiffer as the tem- 
perature increases, a new spring now 
available can be combined with under- 





correcting springs where high accuracy 
is required. While the ordinary steel or 
alloy spring becomes approximately 2 
percent more resilient for every in- 
crease of 100 deg. F. in temperature, 
it is claimed that these new self-com- 
pensating springs can be held constant 
within these limits to 0.02 percent. 
These springs are now being used in 
spring scales, aeronautical instruments 
and other spring-actuated instruments 
which must be used in localities where 
they are exposed to a wide variation in 
temperature. In two bottom springs 
illustrated, the shorter section is the 
over-correcting section. The first spring 
is a combination of 36-percent nickel 
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steel and steel. In the second spring, 
the correct deflection ratio has been 
maintained, but the coil length has been 
varied to compensate for zero error. In 
the third spring, shown at the top, which 
is made of 36 percent nickel steel and 
beryllium copper, not only the calibra- 
tion but also a final temperature adjust- 
ment can be made. All-Weather Springs, 
72 Washington St., New York, N. Y. 


Cog V -Belt 


Because of its new type of cog con. 
struction on the inner surface of the 
belt, the Dayton Cog-Belt can be used 
on either flat or V-pulleys. Not only 
does this construction provide greater 
flexibility and longer belt life, when 
flexing around small pulley diameters, 
but for V-flat drives it applies the scien- 
tific principle of increasing traction by 
means of a non-skid design. The pat- 
ented cog construction provides greater 
grip and less slip on smooth flat pulley 
surfaces, Likewise, when riding in 


grooved pulleys, this new belt provides 
a greater gripping power with die-cut 
raw edge sides which present the same 
undistorted driving surface to the pulley 
regardless of side wear. The new belt is 





being manufactured in all standard 
lengths in A, B, C, D and E cross-sec- 
tions, and in matched sets for multiple 
drive service. Dayton Rubber Mfg. Co., 


Dayton, Ohio. 


Alkaline Copper Plating 


Significant as a plating finish for re- 
placing nickel heretofore used in 
plating and now unavailable because of 
national defense, a new Unichrome 
Alkaline Copper plating process has 
been announced. With this time and 
labor-saving process, smooth, fine 
grained deposits can be plated to thick- 
nesses of 0.001 in. or more. It buffs 
easily with minimum pressure, and is 
often used without buffing prior to 
bright nickel plating. No special clean- 
ing or activation is required for 
subsequent plating. The plating bath 
operates at moderate temperatures, is 


non-corrosive, and easy to control. 


United Chromium, Inc., 51 E. 42nd St., 
New York, N. Y. 
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Spray Lubricator For 
Graphite Lubricants 


Lubricants containing dispersions of 
colloidal graphite can now be sp;ayed 
on bearing surfaces automatically with 
these automatic spray type lubricating 
devices. The sprayers are mounted with 
a universal mounting. making it possi- 
ble to adjust the lubricator to any de- 


| | Р 


sired position or angle. thus insuring 
uniform coverage. Spraying action can 
be started and stopped instantaneously 
by air-operated pistons, providing accu- 
rate regulation of the amount of col. 
loidal graphite lubricant supplied. In- 
termittent operation as high as 150 
shots per min. can be obtained. ', he 
automatic air brushes are available in 
any one of three sizes of fluid assemblies 
for light, average or fast application, 
and with various sizes of multiple heads. 
Heads are adustable for fan or cone 
spray, permitting adaptation of the 
spray gun to any of the carriers, such 
as oil, water, kerosene, carbon tetra- 
chloride. Paasche Air Brush Co., 1909 
Diversey Parkway, Chicago. Ill. 





Cellular Rubber 


New insulation boards, designated 
U.S. Royal, are made of a new cellular 
rubber which has a high insulation 
value and is twice as light as cork. The 
material consists of a thin external 
dense layer inclosing microscopic cells 
of nitrogen gas in a matrix of rubber. 
The “K” insulation value (b.t.u. per 
hr. per deg. F. temperature difference 
for a specimen 1 ft. sq. and 1 in. thick) 
of cellular rubber is expressed as 0.237. 
This figure compares with 0.30 for re- 
granulated cork, 0.34 for gypsum in 
powdered form, 0.39 for laminated 
fiber board, and 0.59 for cellular dry 
gypsum. Other specific properties are 
moisture resistance, oil, acid and fire 
resistance, rot proof, structural strength, 


long life, resistance to vermin and ter- 
mites, and good workability. Unusual 
structural strength is claimed. The 
board can easily be cut to shape with a 
bandsaw or powersaw, and surfacing 


can be done with a planer. The material 


is thermoplastic. United States Rubber 
Co., 1230 - 6th Ave., New York, N. Y. 





Relay 


New Type F relay is claimed to be 
unusually compact and capable of giv. 
ing long uninterrupted service. The 
contacts have self-cleaning, wiping ac- 
tion, with heavy contact pressure. It is 
available with 1, 2, 3 or 4 poles; either 
single throw or double throw, to oper- 
ate on a.c., or d.c. Measurements of the 
Туре Е relay are: 214 in. high, 2% in, 
long and 1% in. wide. G-M Labora. 
tories. Inc., Chicago, Ill. 


Drafting Machine 


True Line drafting machine, embody. 
ing protractor, vernier, T-square, scales 
and triangles, is easily and conveniently 
operated and eliminates smudging and 
blurring caused by moving instruments 
over the drawing. The machines are 
equipped with *Quick Flick" controls. 
A flick of the thumb from its natural 
position and the scales are released for 
15-deg. automatic stops, or for interme: 
diate stops and locking. Again, a flick 
of the thumb and the scale can be set 
at any angle with a protractor and ver- 
nier reading of zero-to-zero. No adding 
and subtracting is required when en- 
grossed in detail around a focal point. 


Design permits the use of the instru- | 


ment with the elbow to the left or right. 
Protractor can be used at any angle in 
the complete circle, making accessible 
the total area of the board. All parts 
subject to wear are of hardened steel; 
the index plate is notched so that it will 
take up any wear automatically. Fred- 
erick Post Co., Hamlin & Avondale 
Aves., Chicago, Ill. 
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Ameripol-Coated Fabrics 


Fabrics coated with Ameripol, the 
recently introduced synthetic rubber, 
have just been announced in standard 
widths ranging from 35 to 49 in., and 
approximate weight per lineal yard 
ranging from 0.595 to 3.62 Ib. Among 
principal applications of the Ameripol 
synthetic rubber-coated fabrics are in 
diaphragm service in gas meters and 
regulators, or in fuel pumps handling 
oil, high test gasoline, alcohol, or other 
liquids which are detrimental to nat- 
ural rubber. Balloon cloth is used for 
the lighter gage fabrics and lightweight 
ducks and sheeting for the heavier 
thicknesses, which range from 0.008 


to 0.0050 in. B. F. Goodrich Co., Akron, 
Ohio. 


Extruded Plastics 


Extruded plastic, especially suitable 
for decorating plastic products, auto- 
mobile decorations, electrical appli- 
ances, lighting fixtures, novelties and 
many other industrial and consumer 
uses, is now available in continuous 
lengths. It can be made in almost any 
design, with or without fastening chan- 
nels, or in tubing or strip. Available 
in all colors or translucent. Mack Mold. 
ing Co., 150 Main St., Wayne, N. J. 





Electro-Blackening Process 


Almost all metals, including alumi- 
num, steel, stainless steel, zinc, cad- 
mium, nickel, silver, gold, lead and tin, 
can be electrolytically blackened with 
a new process called Electro-Ebonol. 
The process is claimed to be particu- 
larly important because of the shortage 
of nickel salts for black nickel solutions. 
Current densities required for the proc- 
ess are low, ranging from %4 to 5 amp. 
per sq.ft. Voltage ranges from 1 to 2 


volts, depending upon the set-up. 
Anodes can be made of carbon or of 
stainless steel. Tanks can be made of 
wood, stainless steel, ceramic ware or 
monel metal. The black coating is de- 
posited very rapidly, taking from only 
30 sec. to 3 min., depending upon cur- 
rent density. The Enthone Co., 440 


Elm St.. New Haven, Conn. 


Septem ber, 1941 








Manufacturers Publications 


AVAILABLE PROMPTLY UPON REQUEST ADDRESSED DIRECTLY TO THE MANUFACTURER 











Materials 


BELriNc— The B. F. Goodrich Co., Akron, 
Ohio. Catalog Section 2140, 8 pages, 8'5x11 
in. Discusses construction, advantages, 
minimum  pulley 
diameters for Multicord belting. 


splicing methods and 


Ceramic Compositions—American Lava 
Corp., Chattanooga, Tenn. Engineering 
Data and Property Chart 416, 11ix21 in. 
unfolded. Properties of ceramic insulating 
materials, of considerable value to the de- 
sign engineer, are set forth in tables and 
graphs on this wall chart. 


CuarN—F. G. Taylor Chain Co., Ham- 
mond, Ind. Catalog, 28 pages, 84x11 in. 
Illustrates and describes many types and 
grades of chain, including sling and crane 
chains, BBB c il chain, high carbon electric 
weld loading chain, log chain. 


INsuLATING MaTERIALS— General Electric 
Co., Bridgeport, Conn. Catalog 55-102, 60 
pages, 8x104 in. Lists prices, and describes 
hundreds of items including varnished 
cloth, varnishes, Glyptals, tapes, cords, 
sleeves, tubings, mica materials, wedges, 
and soldering materials. 


PorceLatN—Lapp Insulator Co., Le Roy, 
N. Y. Bulletin 196, 197 and 198, total 16 
pages, 84x11 in. Describes Lapp chemical 
porcelain for chemical-resistant mechanical 
and chemical equipment. 


Mechanical Parts 


CLtutcHes—The Carlyle Johnson Ma- 
chine Co., Manchester, Conn. Bulletin 
Series 2, 12 pages, 8!4x9 in. Illustrates and 
describes with engineering drawings the 
single and double type of floating plate 
multiple disk Maxitorq clutches. 


COUPLED REDUCTION, GEARS—Westing- 
house Electric & Mfg. Co., East Pittsburgh, 
Pa. Booklet B-2278, 8 pages, 8'5xll in. 
Describes coupled reduction gears for driv- 
ing compressors, line shafts, generators, and 
similar equipment. Cross-section drawings 
marked with arrows show position of im- 
portant parts and give physical dimensions. 


Piastic Gears—Synthane Corp., Oaks, 
Pa. Folder, 4 pages, 84x11 in. Principal 
properties of Synthane silent stabilized gear 
materials are set forth. For ease in calcu- 
lating horsepower transmissible by Syn- 
thane gears, six charts are included. 


Porous BEARINGS— Keystone Carbon Co., 
1935 State St., St. Marys,-Pa. Catalog List- 
ing 1941, 24 pages, 8'4x11 in. Describes 
properties and uses of complete line of 
“Selflube” porous bearings, and furnishes 
complete details on the correct method of 
installation. The last two pages contain 


graphs showing the allowance for press fit 
into housing, and for running fit after 
installation. Ў 


SPEED NuTs—Tinnerman Products, Inc., 
2038-2046 Fulton Rd., Cleveland, Ohio. 
Engineering Standards Catalog 123-3, 914x 
11!5 in. This well-prepared catalog includes 
engineering drawings, dimensions and 
materials listings for the complete line of 
Tinnerman Speed Nuts and Speed Clips. 
Of particular value to design engineers, the 
catalog is full of sketches showing typical 
applications of all these different types of 
fastenings. 


TongrLEx BEaniNcs— Harris Products Co., 
5428 Commonwealth Ave., Detroit, Mich. 
Bulletin 128-20, 8 pages, 85x11 in. Cover- 
ing stock sizes of Torflex flexible bearings, 
data include the radial loads, radial and 
axial deflections, rubber wall thicknesses, 
etc., of sizes available from !$ to 5 in. dia. 
Also showi. are typical applications. 


Vatves—Reading-Pratt & Cady Div., 
American Chain & Cable Co., Reading, Pa. 
Bulletin illustrates and describes Union 
Bonnet Bronze Globe and Angle Valves, and 
covers new improvements. 


Wire Rope — Hazard Wire Rope Div., 
American Chain & Cable Co. Inc., Wilkes- 
Barre, Pa. “Safe Use of Wire Rope,” 24 
pages, 6ix7 in. Comprehensive booklet 
gives tables of breaking strength for com- 
monly used wire rope constructions, to- 
gether with safety factors. It also offers 
constructive information on factors affect- 
ing the safe life of wire rope. 


Electrical Parts 


Marine Exvectric Couptincs—Westing- 
house Electric & Mfg. Co., East Pittsburgh, 
Pa. Folder F-8635, 6 pages, 844.11 in. Elec- 
tric couplings for transmitting engine 
torque to the gear in diesel powered units 
between 500 and 5,000 hp. are described. 


Morons—The Dumore Co., 14th and 
Racine Sts., Racine, Wis. “The Adventures 
of Jimmy Dumore,” 28 pages, 1014x104 in. 
This cartoon-illustrated, nicely bound book- 
let gives an interesting and comprehensive 
presentation of the field for applications of 
Dumore fractional horsepower motors. 


SwitcHes—Automatic Switch Co., 41 E. 
11th St., New York, N. Y. Catalog, 82 pages, 
9x114 in. This complete catalog of elec- 
trically operated switches illustrates and 
sets forth specifications for automatic trans- 
fer switches, remote control switches, con- 
tactors, relays, control panels, and solenoids. 
To help design engineers, the catalog in- 
cludes description of the operating prin- 
ciples, construction details and control cir- 
cuit data. 
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Books and Bulletins 





Engineering Drawing 


D. E. HosAnT—699 illustrations, 430 
pages, 6%%х9%% in. Blue clothboard 
covers. Published by D. C. Heath and 
Co., 285 Columbus Ave., Boston, Mass. 
Price $2.75. 

Here is an engineering drawing text- 
book that is intended to be informative 
and to stimulate interest rather than to 
be a source of material for drawing 
problems. Because the author feels that 
"time can be spent to advantage in the 
reading and interpretation of drawings 
which would be more complicated than 
could be assigned as drawing prob- 
lems," he devotes considerable space to 
drawings of advanced details, and sup- 
plements the academic and theoretical 
aspects with much material on the prac- 
tices of industry. 

The theoretical treatment of the sub- 
ject is handled in such a way that the 
reader may need no other help. Al- 
though the treatment of orthographic 
projection is closely tied in with de- 
scriptive geometry, the reader could 
probably grasp both this subject and 
the chapter on developments and in- 
tersections without a formal descriptive 
geometry course. 

The chapter on fastenings, 
threads. piping and springs contains 
much handbook data, and so does the 
appendix. The chapters covering struc- 
tural drafting, including wooden joints, 
welding, and methods of detailing struc- 
tural steel beams, girders and columns, 
are particularly complete. 


screw 


Mechanics 


Jous W. Breneman—I178 illustra- 
tions, 141 pages, 695x9'4 in. Light blue 
buckram covers, Published by McGraw- 
Hill Book Co., 330 West 42nd St., New 
York, NV. Y. Price $1.50. 


This volume, one of the “Industrial 
Series" of texts prepared by members 
of the staff of the School of Engineering 
of Pennsylvania State College, is writ- 
ten for industrial training programs, 
self-learners, and engineers who wish 
to “brush up” on their knowledge of 
mechanics. It is easily readable, under- 
standable, and is a comprehensive study 
of those phases which have fairly direct 
practical application. 

Mr. Breneman has included in his 
hook the treatment of conditions of 
equilibrium in static structures, a dis- 
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cussion of center of gravity and moment 
of inertia (without the use of mathe- 
matics beyond trigonometry) and dy- 
namics. Unlike many of the texts on 
this subject. this volume incorporates 
the study of simple machine gears. gear 
trains, pulleys and mechanisms. 


Strength of Materials 


Joun W. Breneman—Il38 illustra- 
tions, 145 pages, 695x914 in. Light blue 
buckram covers. Published by McGraw- 
Hill Book Co., 330 West 42nd St., New 
York, N. Y. Price $1.50. 


Another of the “Industrial Series” of 
Pennsylvania State College, this book 
has been written to meet the needs of 
industrial training by providing an ade- 
quately simplified discussion of the 
principles involved. The problems sup- 
plementing the text have been taken 
from the fields of practical engineering 
and include fundamentals of both 
mechanics and strength of materials. 

The book includes the usual topics 
of tension. shear 
stresses, Riveted joints are explained in 
an up-to-date manner. and welded joints 
are covered. Beam design is thoroughly 
discussed and beam deflections are con- 
sidered. The design of steel and timber 
columns is covered by the latest methods 
and equations of design. Mathematics 
above the level of trigonometry have 
been avoided. 
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Hydraulic Machinery 


E. Morrov—49 illustrations, 96 
pages, 5%x8% in. Blue fabricoid cov- 
ers. Published by Chemical Publishing 
Co., Inc., 234 King St., Brooklyn,.N. Y. 


Price $2. 


Written in a descriptive style. this 
book gives a brief overall survey of the 
held of hydraulic machinery as used for 
shaping metal, with a few references to 
plastics. Designs and practice used to 
supplement the contents are British. 
The elementary principles of hydraulic 
operation are set forth in a few pages, 
this is followed by a description of the 
construction of rams, cylinders and 
press parts. Various types of ferging 
presses for shaping metal are described, 
as well as presses used in the manufac- 
ture of guns, projectiles and armor 
plate. The book also shows the con- 
struction of special forging presses used 
in railroad shops, and for other work. 


Nickel Alloy Steels 


Five data book inserts, each 64x82 in, 
Published by International Nickel Co. Inc., 
67 Wall St., New York, N. Y. 


These five revised sections to Interna. 
tional Nickel Company's data book “Nickel 
Alloy Steels" cover Structural Nickel Alloy 
Steels, Nickel in Nitriding Steels, Proper. 
ties of Nickel Alloy Steels at Low Tem. 
peratures, Definitions of Terms Relating to 
Heat Treatment, and Case Hardening of 
Nickel Alloy Steels. 

The section covering “Properties and 
Applications of Quenched and Tempered 
Nickel Alloy Steels” is also being brought 
up to date. 


Stainless Steels 


32 pages, 8àxll in. Published by Al. 
legheny Ludlum Steel Corp., Pittsburgh, 
Pa. Available free. 


This bulletin, one of two prepared by 
Allegheny Ludlum for use in defense 
courses, is an excellent and quite complete 
elementary discussion of stainless steel. The 
first chapter gives a general description, 
explaining the effects of alloy additions to 
steel. Chapter II tabulates corrosion-re- 
sistance of stainless steels to a list of about 
250 corrosive agents. The remainder of the 
bulletin covers all methods of fabrication, 
giving much detailed technical information. 


Aluminum in Aircraft 


104 pages, 33 tables, 35 illustrations, 
54x84 in. Published by Aluminum Company 
of America, Pittsburgh, Pa. Available free. 


Intended primarily for the newcomer who 
wants to obtain a general picture of the use 
of aluminum in aircraft, this well illustrated 
booklet contains much technical information 
covering alloys, heat treatment, corrosion 
resistance, shapes and fabrication methods. 
One chapter of particular interest to de- 
sign engineers covers the choice of materials 
and processes. 

Supplementing the general discussion, 48 
pages of tabulated data cover general in- 
formation, mechanical properties, commer- 
cial tolerances, sheet sizes, wire, rod and 
bar sizes, and tubing sizes and shapes. 

Another booklet called “Forming Alu: 
minum,” published as a companion piece to 
“Aluminum in Aircraft,” gives detailed in- 
formation on drawing, spinning, and other 
fabrication methods. 


Machine Tool Electrification 
Forum Proceedings 


115 pages, 83x11 in. Brown cardboard 
cover. Published by Westinghouse Electric 
& Mig. Co., E. Pittsburgh, Pa. 


This book contains copies of papers pre- 
sented at the 1941 Machine Tool Electrifi- 
cation Forum, held under the auspices of 
Westinghouse Electric & Mfg. Co., April 
14-16. Every paper in the book is complete 
with illustrations, charts and graphs, as 
presented at the Forum. Also included is 4 
roster of attendance. The booklet will, be of 
considerable interest to engineers in the 
machine tool and related fields. Also re- 
corded are a few pages of pictures illustrat- 
ing events at the Forum. 
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1 EPICYCLIC GEAR TRAIN RATIOS 


to 
of H. A. BOLZ 


Assistant Professor of Mechanical Engineering 


ad Purdue University 


ht 
By means of the log-log chart on the following 
page, the velocity ratio of any epicyclic gear train 
11. can be determined if the number of teeth in each 
h, gear is known. The chart can also be used to de- 
termine the numbers of teeth that will give the 
Dy desired speed ratio. 
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р-1+ Ё For compound epicyclic trains as in the above diagrams, four 
5 trace lines must be connected in the same order as that in 
res which the gears make contact. For the example shown: 


BL. esi cce 3 : : . | f = 20 teeth in fixed gear F d = 50 teeth in gear D 
of fal ie two types of simple trains as in the above diagrams. c — 30 teeth in gear C b = 100 teeth in gear B 
ollow according to two trace lines as shown in the miniature . 
diagram above for the following example: Order of contact is f-c-d-b or b-d-c-f. 


К As shart followi age, d di t f trai 
7 Number of teeth f 30 per chart on following page, depending upon type of train 


Number of teeth b 100 R = CPM. Gear B 1.33 or 0.67 
ж — 0 wv OT T U.D; 

d If on the chart on the next page, lines are traced as indicated r.p.m. Arm A 

һе on the miniature diagram above, it will be found that R, the : 

speed ratio, is 1.30. Checking R by calculation, By calculation, 


at 
; R =1 + / = ].30 R=1+ fd = 1330rR =1 — fi 


b cb © 


+ 0.67 
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GEORGE F. NORDENHOLT, Editor 


The Big Job That's Coming 


RECENTLY IN AN INFORMAL DISCUSSION Dr. C. E. Lucke of 
Columbia University made a statement to the effect that 
“It is of greatest importance to convince the engineering 
student that the same thing can be accomplished in a 
great number of ways. Engineering is not rigid; there 
are always many different materials, many different 
mechanisms and many different types of constructions that 
might be used. Each would result in a satisfactorily 
operating machine that will do the work required. But 
commercial considerations make it of greatest importance 
that the results be achieved at lowest reasonable cost, 
otherwise the competitors get the business. 

“Of course,” continued Dr. Lucke, “just now war con- 
ditions are dominating, at least to a large extent, and for 
some products costs do not have the importance they have 
in peace time. But we will not always be at war; peace 
will come and then competition will be restored to the 
peace time basis.” 

No one can find fault with Dr. Lucke’s views; in them 
there is much food for thought. When peace comes the 
engineering design picture will be entirely different from 
anything it has ever been. During this period of stress, 
many new developments will come to pass. By force of 
circumstances, design and production engineers will have 
learned in greatest detail about the properties and process- 
ing of many materials they had never even considered 
before. They will have become familiar with the hidden 
virtues of both strange and common materials and how to 
circumvent their deficiencies and peculiarities. 

Another revolution in the making is the price structure 





in the raw materials markets. Huge quantity production 
of hitherto “high cost” materials will result in lowering 
their price materially. Aluminum, synthetic rubber-like 
materials, plastics, and also perhaps new materials as yet 
unnamed, will be available at prices that will widen their 
fields of application immeasurably. 

Add to all these economic changes that are bound to 
occur in the prices of raw materials, the new developments 
that will inevitably be brought forth from scientific re- 
search laboratories during the next few years, the possi- 
bilities appear staggering. Whereas the design engineer 
today may have ten ways of achieving the desired result, 
he will have hundreds when the present stress is over and 
necessity, the mother of invention, has brought forth 
prolifically another brood of new materials and new ways 
of doing things. 

To keep abreast of this great wave of technological 
progress, minds must be alert and the quest for knowledge 
continuous. And those things which today hold the greatest 
attention of the designers will be the things incorporated 
in the products of the days which we now call the post- 
war period. 

Already design engineers are dreaming, scheming and 
even laying out designs of products to be made when peace 
comes. A few companies have gone so far as to develop 
complete designs, details and specifications included, of 
products to be made when the wars are over. Others have 
made tentative plans. But all are awake to the fact that 
there is a big job in the making—a task that will tax the 
ingenuity of all design engineers. 


Packard Clipper being driven at high speed through propeller backwash from Army pursuit planes. By special instruments attached 
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to steering mechanism, Packard engineers were able to determine the car's relative stability in a cross wind 


AUTOMOTIVE DESIGN 
IN THE 1942 CARS 


ESPITE A PRIORITY situation 

which severely limited new de- 

sign and which  necessitated 
considerable alterations in formerly 
standardized parts, automotive engi- 
neers have succeeded in bringing out 
new models for 1942. For obvious rea- 
sons mechanical changes have been 
kept to a minimum, but exterior appear- 
ance has been greatly improved—the 
cars are more streamlined than ever. 
This is possibly due to the anticipation 
that dies may not be available for '43 
changes, hence styling advances this 
year are more radical than it has ever 
been before. 

Contrary to general opinion, the new 
cars have extensive chromium plate, 
and stainless trim, explained by the fact 
that many of the companies have con- 
siderable fabricated stock on hand and 
intend to use it as long as it holds out. 
It is expected that in the later months 
of the model-year chromium trim will 
gradually disappear and will be re- 
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Cast iron piston developed for series 40 
Buick engines. Special foundry technique 
was required to cast the piston with the 
*fire-ball" top, which needs no machining 


placed by painted strip or extruded 
plastics. Oldsmobile is tentatively ex- 
perimenting with aluminum paint for 
such parts. Zinc die-cast grilles have 
been entirely replaced by steel stamp- 
ings. This change necessitated a tre- 
mendous increase in cost but had to be 
made, as some cars carried as much as 
30 Jb. of zinc in the radiator grille 
alone. One manufacturer is experiment- 
ing with chromium plated plastic, in- 
jection molded, for radiator grilles; this 
is strictly in the laboratory stage; many 
difficulties, such as bond between plat- 
ing and plastic, fastening means, ex- 
pansion and contraction difficulties, and 
molding problems, must be overcome 
before this design is practical. It was 
found that the chromium plate added a 
slight amount of stiffness to the finished 
molding. 

The three materials automotive engi- 
neers had to “design-out” for '42 were: 
aluminum, zinc, and nickel steel. A 
great many companies had been using 
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aluminum pistons and the change to a 
cast-type piston brought problems of 
lower thermal conductivity, reduction 
to half the thermal expansion and in- 
creased reciprocating weight. Fortu- 
nately, most of the manufacturers last 
year had adopted thin-babbit bearings, 
backed by steel or by powdered iron 
matrix. These bearings have sufficient 
fatigue strength to take the increased 
load caused by cast pistons. Most of the 
plants have prepared plans to produce 
cast-iron pistons; through improvements 
in foundry practice sections have been 
reduced considerably. Buick with its 
“fire-ball” top piston had a particularly 
dificult foundry problem to solve, but 
this piston is now cast iron on the series 
40 and no machining of the top is re- 
quired. Oldsmobile has developed a pis- 
ton design in which the piston is cast 
of ArMaSteel, a pearlitic malleable iron 
with an arrested heat-treatment con- 
taining sufficient carbon to be classified 
as a steel. This piston weighs 48 per- 
cent more than former aluminum piston 
as compared with the 80 percent in- 
crease in weight of a cast-iron piston 
over aluminum. Consequently there is 
considerable reduction in stress on the 
connecting rod and bearings. To be on 
the safe side, however, the connecting 
rod in the Oldsmobile engines has been 
made about 8 percent heavier and the 
crankshaft has been somewhat increased 
in weight. 

Buick was experimenting with so- 
called “roughened” bearing surfaces 
and have found that for their engine 
this “roughened” surface gives a con- 
siderable increase in fatigue life. The 
surface is ground and then lightly 
lapped to remove ridges and it is rea- 
soned that the remaining pockets act 
as reservoirs for minute amounts of 
oil. Pontiac is continuing the use of 
cast-iron pistons, tin plated. The tin 
normally aids in the breaking in of 
the piston. Others makers such as 
Packard and Studebaker are Parco- 
Lubrizing their cast-iron pistons. This 
process produces an oxide coating 
which tends to hold oil and insures 
smooth operation. 


Die-Cast Parts 


Zinc die-castings have been cut 
down considerably in number. Many 
parts such as door handles, ornaments. 
horns, are being made of stamped steel 
or of plastic, injection molded over a 
steel core. Radiator ornaments on Pack- 
ard cars are die-cast of antimony lead, 
a good substitute for zinc in cases 
where structural strength is not re- 
quired. Other ornaments on cars such 
as Pontiac are of acrylic plastic. Pack- 
ard's transmission cover, formerly of 
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zinc, is now cast-iron. Typical altera- 
tions in materials and methods of man- 
ufacture are given in the table below. 


Automatic Transmissions 


Automatic transmission are becom- 
ing increasingly popular with design- 
ers. As an example of their success, 
Oldsmobile sold more than 48 percent 
of their 1941 cars with automatic 
transmissions, even at the $90 pre- 
mium. This year Oldsmobile and Cadil- 
lac will continue with the Hydramatic 
transmission described in PRODUCT 
ENGINEERING, November 1939, and 
Chrysler will continue the simplimatic 
transmission described in October 
1940, PRoDucT ENGINEERING. The Olds- 
mobile drive is essentially a set of 
planetary gears driven through a hy- 
draulic coupling, with shifting con- 
trolled by a centrifugal governor. The 
transmission is completely automatic. 
The Chrysler drive incorporates a fluid 
coupling and vacuum-controlled, semi- 
automatic transmission to which over- 
drive can be added. This year three 
other makers have adopted semi-auto- 
matic transmissions to their lines; Ford, 
Studebaker, and Hudson. One other 
maker tentatively considered an auto- 
matic transmission but the supplier was 
unable te guarantee manufacture. 

Hudson’s automatic drive, described 






























Axle Shafts 
Rear Axle Ring Gear 
Steering Knuckles 
King Pins 

oues Axle Gearing 


rim 
Exhaust Valves 
Inlet Valves 
Castings 
Connecting Rod 
Pistons 


Transmission Gears 
Timing Gear 

Cylinder Heads 
Brake Wheel Piston 
Valve Chamber Cover 
Door Handles 


Grilles 
Ornaments 


Steering Post Hub 


Instrument Panel Grille 
Radiator Shell 
Reflector (Lamp) 
Speedometer Gear 
Horn Ring 
Transmission Cover 


Shift Control Arm 
Front Suspension Arms 
Bushings 

Gaskets 


Horns 


 TYPICAL ALTERNATES IN 1942 CARS 


on pages 518-520 of this article, con- 
in an arrangement of vacuum 
cylinders and linkages, electrically gov- 
erned. This is a further refinement of 
their automatic clutch of previous years. 
The Studebaker transmission is also 
vacuum actuated and electrically con- 
trolled, but includes a fluid coupling 
and clutch combination. This drive is 
described on pages 522-524. 

Although basic mechanical changes 
in the cars have been relatively few, 
many minor refinements have been 
made in design to increase efficiency. 
These changes, although minor to the 
average automobile, often show signifi- 
cant trends in engineering. 

Considerable credit must go to auto- 
motive engineers because of the feat 
they have accomplished in readying 
for production new cars while at the 
same time taking on more and more 
responsibility for the production of 
armored equipment. It was no small job 
to make new refinements, change meth- 
ods and materials on formerly standard 
parts, set up the 1942 production pro- 
gram and at the same time put tre- 
mendous effort towards the tooling up 
and production of tanks, airplane parts, 
guns, armored trucks and airplane en- 
gines. The automotive industry has 


sists 


been able to do this only because of 
its skill of the designers and their 
tremendous production experience. 


Х.31504 4150 
4615 5120 
31354 4140 
31154 4115 
4600 1320 
18-8 Stainless 18 Cr Stainless 
Cr Ni -(14%4-12%Ni) 7-18%Cr 2-344%Si 
3140 4140 
Fe + 0.25—1.25% Ni Fe + Si or + Cu 
1045 ` X1345 
Secondary Aluminum Cast Iron 
Cast Steel 
Nickel Steel Amola Steel 
Aluminum Steel & Plastic - 
Aluminum Cast Iron 
Aluminum Powdered Metal 
Aluminum Cast Iron 
Die-Cast Zinc Stamped Steel 
Plastic and Steel 
Die-Cast Zinc Stamped Steel 
Die-Cast Zinc Die-Cast Antimony Lead 
: Plastic 
Die-Cast Zine - Steel Stampings 
Malleable Castipg 
































THROUGH THE USE of an arrangement of electrically-controlled 
vacuum power units operating through mechanical linkages, 
the Hudson Drive-Master transmission eliminates clutch 
operation and gear shifting except when reversing or starting 
under unusual conditions. With the gear shift lever in high 
gear position, depressing the accelerator pedal moves the car 
forward in pickup gear, equivalent to the usual second speed 
gear. To go into high gear it is only necessary to release the 
accelerator. When brakes are applied the transmission is auto- 
matically shifted from high to pickup gear and the car is 
ready for a new start. There is no tendency for the car to 
“creep” or move forward in neutral with the engine running 
and, therefore, no necessity to continually apply brakes when 
idling at traffic intersections. 

Three driving methods are available: normal driving with- 
out gear shifting or clutch operation, manual gear shifting 
without using the clutch, or conventional gear shift and clutch 
operation. These options are selected by pushbuttons on dash- 
board. Regardless of drive method being used, gears can be 
shifted manually any time the driver so desires. 
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Hudson's Electrically-Controlled Vacuum- 


Conventional operation. The de- 
sired gear is selected by lever on steer- 
ing arm which actuates the hand shift 
on the transmission. For manual oper- 
ation this lever is mechanically locked 
to the shift shaft by a transfer key 
pinned to transfer key hub that is in 
turn secured to the shatt by setscrew. 
Transfer diaphragm rod holds transfer 
key engaged in hand-shift lever by 
spring pressure, 


Power shifting. Current from the 
battery to the transfer switch is sup- 
plied by pressing in the “HDM” button 
on the instrument panel. The circuit 
from the transfer switch to solenoid 
valve is completed when the transfer 
switch rod is operated by cross over 
lever as the steering shift arm is moved 
through neutral to the second-high side. 
With the transfer switch closed, the 
solenoid valve is energized and vacuum 
is admitted to transfer diaphragm. This 
pulls rod backward, disengaging trans- 
fer key from hand shift lever and 
engaging it with power shift lever. 
The system is now ready for power 
shifting. A governor switch, driven 
mechanically by the transmission gears 
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Operated Clutch and Transmission 


and fitted with two sets of contacts— 
one set for slow-speed operation and the 
other for high-speed operation, controls 
operation of the clutch-shifting which 
is actuated through engine vacuum. 
When the clutch is disengaged, the 
clutch switch is closed through move- 
ment of clutch coupling lever and oper- 
ating rod, and the circuit completed 
through the automatic side of selector 
switch to the slow speed contacts of 
governor switch and to second gear 
solenoid. 

Power shift into second gear. As the 
second gear solenoid is energized, vac- 
uum is admitted to the front end of 
the transmission shift cylinder, pushing 
operating rod forward, and rotating 
power shift lever into second gear posi- 
tion. Since the transfer key is engaged, 
transfer key hub and shaft rotate caus- 
ing the gears to shift into second speed. 
With shift completed and clutch en- 
gaged, the circuit from clutch switch 
to second gear solenoid is broken, de- 
energizing the solenoid. If the car is 
operating at slow speeds, the circuit to 
the second gear solenoid is completed; 
if the car is operating at high speed, 
the contacts in governor switch move 
to high-speed position and close the 
circuit to high gear solenoid, causing 
shift into high gear. 
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Shift down to second gear. For 
drop into second gear while car oper- 
ates above high gear shifting speed, a 
positive circuit is used to by-pass the 
governor switch. The lever on steering 
post is thrown into second gear posi- sketch. 
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Throttle Locking Device 


Throttle-locking device, shown in unlocked position. 
To prevent “beating the shift”’—applying power before the 
shifting of gears has been completed. Throttle lever on car- 
buretor is actuated by a bellcrank which is in turn connected 
to the accelerator pedal linkage through a torsion spring. 
When shifting is completed, throttle lock diaphragm releases 
throttle lever bellcrank and accelerator pedal pressure actu- 
ates throttle bellcrank by means of the spring. If shift is not 
completed, the diaphragm holds the bellcrank in a closed 
position; accelerator pedal pressure cannot actuate the bell- 
crank, but merely winds up the torsion spring. 
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tion, moving selector switch rod and 
closing second gear contacts in selector 
switch thus completing the circuit to 
second gear solenoid. The by-pass cir- 
cuit is shown in heavy lines in the 
(Continued on next page) 
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Whenever a power shift is made. 
the solenoid, energized, admits vacuum 
to throttle lock diaphragm, pulling up 
on diaphragm cable until the two lock 
nuts attached to the lower end of the 
cable contact the swivel block. If the 
accelerator pedal is depressed when 
the throttle lock is in this position, the 
pressure exerted merely tends to wind 
up the bellcrank spring. The diaphragm 
is always energized while the shift is 
being made and remains so until the 
shift is completed. A limit switch which 
contains two sets of contacts governs 
the action of the throttle lock solenoid. 
The switch is actuated by the neutral 
switch operating rod attached to the 
power shift lever on the transmission. 
For example, with the transmission in 
the high gear position and the car 
operating below the high gear shifting 
speed, the governor switch will call for 
a shift to second gear. The high gear 
contacts in the limit switch will be 
separated and the second gear contacts 
closed. The circuit will be completed 
to one of the windings in solenoid 
valve, energizing the solenoid, admit- 
ting vacuum and pulling the throttle 
lock cable upward into the locked posi- 
tion. With the shift to second gear com- 
pleted, the cam in the limit switch 
opens the second speed contacts de- 
energizing solenoid valve, permitting 
tne throttle to open. As the limit switch 
cam passes through the neutral posi- 
tion on its way to second gear position, 
the high gear contacts close, preparing 
the circuit for a shift into high gear. 


Neutral switeh. To stop the shift in 
neutral when going into low or reverse 
gear, another switch is actuated by a 
switch rod connected to the transmis- 
sion power shift lever. When the selec- 
tor switch is moved into neutral, the 
circuit is completed to the proper gear 
solenoid and a power shift toward sec- 
ond gear is started. As the shift reaches 
neutral position, a cam on the neutral 
switch separates the contacts, thus stop- 
ping the shift in neutral. 
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SOME ADDITIONAL HUDSON CHANGES 


TO SECURE QUIETER TIMING GEAR OPERA- 
TION, back lash between the teeth of 
Hudson crankshaft and camshaft gears 
has been reduced to between 0.002 in. 
and 0.004 in. This is about half the 
clearance formerly used; the change has 
made a material improvement in quiet- 
ness of the front end drive. 


RUBBER BUMPERS which were mounted 


on the rear axle housing directly under 
the frame side members have been dis- 
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continued and in their stead new rec- 
tangular shaped rubber bumpers are 
now mounted on the lower flange of the 
frame side members in the 1942 Hud- 
sons. These bumpers prevent metal-to- 
metal contact in extreme flexing of the 
springs under unusual conditions. A 
new rear axle differential carrier 
bumper is attached to the lower flange 
of the frame cross member immediately 
above the axle housing. This bumper is 
also of molded rubber. 


TO MINIMIZE OIL PUMP “STARVATION,” 
a change has been made in the design 
of the oil reservoir suction pipe used 
on both six and eight-cylinder Hudson 
engines. Previously the lower end of 
the pipe became uncovered when the oil 
banked against the side of the reservoir 
when the car was making turns at high 
speed. With the new pipe in the cen- 
ter of the oil reservoir, the lower end 
remains submerged in oil even when 
oil level is low. 
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Alternate Designs of Control Arms 





nA P" 
When this assembly is fastened to a hori- (Т `< After assembly these center 2-7 
zontal surface the arm must be free to __—_— "ines must be parallel in all- 
drop from its own weight plus nof more zz planes within 30 min. 
than 5/b. Must not have any percept- 


ible shake 










Section А-А 





| 
Insert threaded arm in clamp eye of steering 
knuckle support spread eye and screw in bush- 
ng then clamp in place. One revolution moves 
steering knuckle support 14 in 


Note: When assembling pivot insert a.’ 
spreader bar and spread агт i6 "over / 
original dimension. Pivot to be centrally 
located. Assemble bushing with a torque 
of 110-140 foot /bs. while L 
spreading bar is in place 





Section B-B 
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Steering Spindle Support Arm (Upper) Stamped Steel 













When this assembly is fastened toa hori- 
zontal surface the arm must be free fo_________ 


drop trom its own weight plus not more 
than 5 Ib. Must not have any percept- 


--.. After assembly these center .-~ | 
"Mines mus! be parallel in all-- 
planes within $0 min. 


ible shake 
Weld securely 
шор. МЕн top side 4 
min. length 
Section B-B 










Insert threaded arm in clamp eye of steering 
knuckle support spread eye and screw in bush: 
ing then clamp in place. One revolution moves 
steering knuckle support 44 in 





Section AA 


Steering Spindle Support Arm (Upper) Forged Steel 


Two types of front suspension on the 1941 models and the other is upper end of the spindle support is 
upper control arms are being used in constructed of heavy steel stampings carried on an eccentric bushing mounted 
regular production on 1942 Hudsons. similar to those used in the lower con- on a pivot bolt which divides the load 
One is drop-forged type arm as used trol arm. In the pressed steel type, the uniformly to both sides of the arm. 
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Studebaker's Semi-Automatie Transmission 


A FLUID COUPLING with an automatic 
clutch and overdrive transmission are 
the essentials of the new Studebaker 
“Turbo-Matic” drive, available as extra- 
cost equipment. Feature of the new 
drive is the elimination of the clutch 
pedal. The driver, through the shift 
lever on the steering column, can choose 
the gear ratios best suited to traffic 
conditions. To eliminate the possibility 
of starting the engine in gear, a switch 
on the shift control prevents operation 
of the starting motor unless the shift 
lever is in neutral position. Reverse gear 
is used as in the past. Low is used only 
for tough pulling and in starting on 
steep grades. Second gear is used for 
most starts, for stop-and-go driving and 
general traffic conditions. Third is used 
for light traffic or cruising, and over- 
drive is used in both “traffic” and 
“cruising” ranges. Car starts in gear 
ratio selected and when speed reaches 
more than 15 mi. per hr., the transmis- 
sion goes into overdrive upon release 
of the accelerator for an instant. To 
return to conventional the accelerator 
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is depressed to the floor. All starts are 
made in conventional gear. 

Clutch release and engagement is 
effected by a frame-mounted power unit 
consisting of a diaphragm upon which 
engine manifold vacuum can act to 
cause clutch release, a solenoid which 
controls the admission of engine mani- 
fold vacuum, and a balancing valve to 
provide a cushion for clutch engage- 
ment. 

When the power unit solenoid is ener- 
gized (shown at de-energized position 
on diagram), plunger A is raised, thus 
operating a valve which closes passages 
B to the balancing valve and K to the 
throttle contro] and also opens the 
passage C to the engine manifold. En- 
gine manifold vacuum is thus admitted 
to declutching side D of the power unit 
diaphragm and clutch is released. The 
diagram shows power unit diaphragm at 
position of clutch engagement. A simple 
system of rods and levers connects the 
power unit to the clutch release shaft. 

Two separate electrical circuits con- 
trol the power unit solenoid, hence 
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clutch release. Neither circuit to the 
solenoid can be completed unless the 
throttle is closed. Closing the throttle 
does not release the clutch, but the 
throttle must be closed before clutch 
release can occur. These circuits are 
I through the governor, and II through 
the over-rule switch. 

I—Governor driven from the trans- 
mission speedometer drive gear, has two 
sets of contact points (governor is shown 
at zero speed on diagram). One set is 
for one of the power unit solenoid cir- 
cuits. This set of points is in contact 
until a car speed of about 15 mi. per 
hr. is reached, at which speed the con- 
tact is broken thus interrupting the 
circuit to the power unit solenoid. On 
speed decrease, the governor contacts 
“make” at about 6 mi. per hr. With the 
throttle closed at car speeds below 6 mi. 
per hr. the circuit to the power unit 
solenoid will be completed and the 
clutch released. 

II—The other circuit is through the 
over-rule or selector switch mounted on 
the steering column and actuated by 
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the gear shift controls. Initial move- 
ment of the gear shift lever completes 
the circuit, releasing the clutch before 
the actual shifting of gears is started. 
The circuit is broken by a return spring 
as soon as movement of the shift lever 


ceases. 


Clutch Engagement 


When the power unit solenoid 
shown below is de-energized, plunger A 
is returned downward by spring pres- 
sure. This closes off engine vacuum to 
the clutch control diaphragm and opens 
passage B to the D side of the clutch 
release diaphragm. Passage F admits 
the vacuum present in the power unit 
to the G side of the cushion valve dia- 
phragm. Atmospheric pressure acts 
against the H side. As long as the dif- 
ference between atmospheric pressure 
H and vacuum G exceeds the tension 
of spring J, valve E will remain open 
and admit air to the power unit. This 
action cannot take place unless plunger 
A is at the down or de-energized posi- 
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Combined With Fluid Coupling 


tion. With plunger A pulled upward, 
the B passage is closed and air cannot 
be admitted to the system. 

The cushion valve serves to balance 
the vacuum in the power unit to the 
setting of the cushion valve spring. 
This setting is adjustable through a 
screw and is set at about 415 in. mer- 
cury. With this amount of vacuum in 
the power unit, the clutch is just en- 
gaged. The cushion valve action is not 
instantaneous because of restrictions at 
points O, P and Q, hence initial clutch 
engagement is gradual. 

The above occurs if the throttle re- 
mains closed. Under normal driving 


erator pedal) from closed position 
breaks the circuit regardless of other 
controls. 

2. Above 15 mi. per hr., transmission 
governor opens the circuit. 

3. Whenever movement of gear shift 
lever is stopped, the circuit through the 
over-rule switch is opened. 

At speeds below 6 mi. per hr., clutch 
engagement can occur only as the throt- 
tle is opened. 

A dash-mounted combination air con- 
trol valve and switch is connected in 
the throttle linkage. Initial movement 
of the control lever (3-4 deg.) breaks 
a pair of contact points, interrupting 





(Above) Compact design of Studebaker fluid transmission is obvious from this view 


(Left) 


Mechanical and electrical design details of Studebaker vacuum-controlled, 


semi-automatic transmission. Parts are shown in proper relative positions 


conditions, the throttle will be opened 
gradually or quickly at the option of 
the driver. This will supplement clutch 
engagement through a control in the 
throttle mechanism. 

Conditions under which the power 
unit solenoid is energized: 

1. Transmission governor closes cir- 
cuit at car speeds below 6 mi. per hr. 

2. Over-rule switch on gear shift 
closes circuit whenever movement of 
gear shift lever is started. 

Conditions under which the solenoid 
unit is opened, solenoid de-energized: 

l. Initial movement of throttle (accel- 


the electrical circuit to the power unit 
solenoid, thus starting action of the 
power unit cushion valve. At between 
7 and 8 deg. movement of the lever, 
the air valve starts to open admitting 
atmospheric pressure to the passage K 
of the power unit and thence to the D 
side of the power unit diaphragm. This 
modifies the action of the cushion valve. 
Slow or quick clutch engagement is 
available to the driver, dependent on 
how fast or far he pushes the accelera- 
tor pedal. On slow starts, the accelera- 
tor pedal is pushed down gradvally and 
clutch engagement is also gradual. On 
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Control of the Studebaker semi-automatic transmission is through selector shift 


mounted on steering column 


fast starts, the accelerator pedal is 
pushed down quickly and fast clutch 
engagement follows. 

Continuing movement of accelerator 
pedal would result in over-travel of the 
throttle control unit lever, except for 
the presence of a friction slip joint 
between the operating rod and the 
lever. As the throttle is returned to the 
closed position, this slip joint automat- 
ically returns the air valve of the unit 
to the closed position and closes the 
electrical contact points. 

Normal clutch engagement is gov- 
erned by power unit cushion valve ac- 
tion modified by the rate and extent of 
throttle opening. However, at speeds 
above 15 mi. per hr. clutch engage- 
ment will occur as the gear shift is com- 
pleted even though the throttle is not 
again opened. Clutch engagement under 
this condition will be slower than usual- 
ly dictated by the driver through throt- 
tle operations. 

On initial speed increase, the gov- 
ernor points “break” at approximately 
15 mi. per hr. but do not again “make” 
with speed decrease until about 6 mi. 
per hr. Hence, after having reached a 
speed of above 15 mi. per hr. the gov- 
ernor will start action of the power unit 
cushion valve after completion of a 
shift down to about 6 mi. per hr. 


Starting Motor Cut-Out Switch 


To prevent starting the engine with 
the transmission in gear, there is 
mounted on the lower end of the gear 
shift controls a switch in the starting 
motor relay circuit which prevents oper- 
ation of the starting motor unless the 
gear shift lever is at "neutral" position. 
A key on gear shift shaft depresses a 


ball in the switch only when shift lever 
is at "neutral" This action closes 
switch contacts and permits operation 
of the starter motor. 


Transmission 


The transmission, in conjunction with 
the automatic clutch, is semi-automatic 
in action and requires a minimum of 
gear shifting. Two ratios under direct 
driver-control are available in each 
range. The forward gear case is similar 
to that used with the overdrive trans- 
mission on prior models. Helical gears 
are used throughout with three for- 
ward ratios. Synchronizer and blocker 
ring action assure quiet gear action in 
both second and direct ratios. The over- 
drive gearing contained in the rearward 
case is similar to that previously used. 
In place of overdrive engagement by 
centrifugally actuated pawls, the gear- 
ing is in the overdrive ratio at all times. 
A single pawl actuated by a solenoid 
and blocker ring locks the sun gear 
for overdrive and unlocks it for direct 
drive. 

The solenoid is energized to provide 
overdrive above speeds of 15 mi. per hr. 
and de-energized at lower speeds to give 
conventional ratio. It also can be de- 
energized by a throttle-actuated switch 
to obtain conventional ratio at the op- 
tion of the driver by pushing the accel- 
erator pedal clear down. A relay is 
included in the circuit to reduce the 
amperage flow in the switch circuit. 


Solenoid Action, Overdrive 
Engagement 
At a speed of approximately 15 mi. 
per hr. the governor points “make” or 
complete the relay circuit, thus ener- 


gizing the solenoid coil. A momentary 
current of 35 amperes acts on plunge: 
L, pulling it into the solenoid and load- 
ing springs M and N. As this occurs. 
points V are broken, thus cutting out 
the main coil winding (35 amp..draw) 
and cutting in a "holding" coil (215 
amp. draw), sufficient to hold the 
plunger in the solenoid coil against 
the action of springs M and N. The 
"holding" coil is necessarily energized 
during the entire period of overdrive 
engagement. This action does. not move 
pawl R attached to rod 5 because 
blocker ring T prevents pawl move- 
ment. However, spring M is now pre- 
loaded ready to move the pawl into 
engagement with the sun gear lock-up 
as soon as the blocker ring unlocks by 
torque reversal. This is accomplished 
by momentarily releasing the foot throt- 
tle, a necessary prerequisite for any 
overdrive engagement. In the diagram, 
the solenoid and pawl are shown in 
direct drive position. 

As the car coasts down to speeds be- 
low approximately 6 mi. per hr., gov- 
ernor points “break,” thus opening the 
relay circuit and de-energizing the trans- 
mission control solenoid. Tension of 
spring V pulls the pawl out of the lock- 
up position so returning the transmis- 
sion to the conventional ratio. 

In a similar manner, as with previous 
overdrive transmissions, the driver can 
return to the conventional ratio at any 
time by pushing the accelerator pedal 
clear down (past wide open throttle 
position). In going past the wide open 
throttle position, throttle rod K man- 
ually contacts the plunger of the “kick- 
down” switch. There are two sets of 
contacts and two circuits through this 
switch. One set is in the transmission 
solenoid relay circuit and the other in 
the circuit from the ignition coil to 
the contact points Y of the transmission 
solenoid. The first set is normally 
“made” and the second set “broken.” 
At kickdown, the reverse occurs; the 
first set is “broken” and the second set 
“made.” 

As the first set “breaks,” the trans- 
mission solenoid circuit is broken and 
the transmission solenoid thus de-ener- 
gized. Spring N is then free to pull pawl 
R out of the lock-up position. The pawl 
is held by engine torque until the second 
set of points “make.” As this occurs, 
the ignition coil is grounded at points 
Y in the transmission solenoid; torque 
load is taken from pawl R and action of 
spring N pulls the pawl out of lock-up 
position, returning the transmission to 
conventional ratio. As rod S flies out- 
ward, as shown on diagram, contact 
points Y are broken and the ignition 
circuit restored. This action occurs in 
a fraction of a second, hence the driver 
is hardly conscious of an interruption. 
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improved oil cleaner design 
is, feature of the 1942 Pontiac. Faced 
with the lack of aluminum from which 
to make the die-cast cover of last year’s 
cleaner, a new pressed steel design has 
been worked out. Dirt retaining basin 
js 4 times larger. A second objective of 
the new design was to make the oil 
outlet concentric with the cleaner so 
that each drop of oil would travel 
approximately the same distance 
through the cleaner and at practically 
the same velocity. This does away with 
eddies caused by unequal velocity of 
oil currents just before they reach the 
outlet, which might disturb dirt parti- 
cles as they are settling and permit 
them to re-enter the oil stream. In- 
creased efficiency of the new unit 
results from this concentric arrange- 
ment. The third design feature affects 
the character of the flow of oil as 
established by the contour and shape 
of the path through the cleaner. The 
new arrangement at higher speeds and 
even with the finer dirt is from 2 to 3 
times more efficient than the one used 
in 1941. The 1941 cleaner took out 
particles of 0.00023 in. size, the new 
design has, in test, taken out particles 
one-third this size, and efficiency was 
found to be from twice to three times 
that of the original cleaner. 
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New Engine Designs in 1942 Models 











To reduce sticking tendency of exhaust valves caused by 
fuel or lubricating oil gum formations or for other reasons, 
a change has been made in the exhaust valve guide used on 
all 1942 Hudson engines. To better protect the upper por- 
tion of the exhaust valve stem from the high engine tem- 
peratures, the counterbore at the top has been decreased in 
diameter slightly and its length increased considerably, as 
shown at A. With this set-up, the point of contact between 
the valve stem and the guide at the top has been lowered 
approximately 3g in. where cooling is better and heat is less 
intense. To compensate for the loss of bearing area at the 
top because of this counterbore change, the length of the 
guide has been increased at the bottom so that it projects 
За іп. further into the tappet compartment than heretofore, 
as shown at B. The operating clearances of 0.0025 in. for the 
inlet valves and 0.004 in. for the exhaust valves are continued. 





A VIBRATION DAMPER has been added to 
the Studebaker Champion crankshaft. 
The camshaft is driven by a Celeron 
gear. Valves have mushroom lifters and 
horseshoe spring retainers. Lubrication 
is full-pressure type, with pressure to 
valve tappets, The gear type oil pump 
1s mounted on the valve side. 
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LIGHTWEIGHT 


Panco-LUBRIZED iron “Parco Lubrizing” process forms a thin 





alloy pistons are used in 1942 Stude- 
bakers. Iron with various alloys added to 
give desirable characteristics is used. 
The new pistons are light and uniform 
in structure and section. Wall thickness 
of the Champion piston skirt is held 
to eight thousandths of an inch. The 


protective oxide coating on the piston, 
which minimizes any tendency towards 
scuffing or scoring and produces a 
highly polished, long wearing surface. 
[Additional new design features of the 
cars will appear in November issue of 
Product Engineering. | 
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DETERMINING SPRINGBACK —1 ! 


Calculating Die Radius to Bend Desired Curve 


R. G. STURM, Aluminum Research Laboratories 
B. J. FLETCHER, Development Division 


Aluminum Company of America 


HE FABRICATION of metal 


structures frequently involves the 

bending of individual members to 
a prescribed contour. Tools must be 
built which will produce this contour 
with an accuracy sufficient to require a 
minimum of hand straightening. Cus- 
tomarily, the allowance for springback 
is estimated by the tool designer on 
the basis of past experience. The pro- 
cedure presented herewith makes it pos- 
sible for the engineering design depart- 
ment to calculate springback in ad- 
vance, thus saving time and expense 
over cut-and-try methods. It is applic- 
able to aluminum alloys, magnesium 
alloys, brass, alloy steels and similar 
metals for which the stress-strain curves 
do not exhibit the “knee and flat spot” 
peculiar to low-carbon steel. 

A number of manufacturers of alu- 
minum airplanes and buses have ap- 
plied this method successfully to the 
forming of a variety of shapes of 
several aluminum alloys. In each case 
the predicted tool face curvature gave 
a final product within tolerances satis- 
factory to the users. The general method 
was developed in connection with recent 


investigations of roll straightening 


equipment and the stress-strain curves 
were selected as representative from a 
large number of such curves obtained 
from numerous investigations and 


studies conducted at the Aluminum Re- 
search Laboratories. 


This method of estimating spring- 
back applies to operations where the 
desired deformation is produced by 
bending. It does not apply to forming 


operations which depend on shrinking, 


stretching or drawing of the member as 


a whole. Any contour which can be de- 


fined in terms of a simple circular curve 
or a compound circular curve can be 


handled. The method can be applied to 
a member of any shape of cross-section 


provided the elements of the cross-sec- 
tion can be determined, and provided 
that the original form of the cross-sec- 
tion is maintained during bending. The 


principal application of the method has 


been to determine the springback of 
aluminum alloy members formed at 
room temperature, but it can be ex- 
tended to forming at elevated tempera- 


tures and to other metals, if the stress- 
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strain curves for such conditions and 
materials are available. 

In order to estimate springback by 
this method it is necessary to know: 
(1) radius of the simple curve or the 
radii of the compound curve which cor- 
respond to the desired final contour; 
(2) elements of the cross-section of the 
member, including the area, moment of 
inertia and location of the neutral axis; 
(3) stress-strain curve of the material 
for the temperature at which forming 
is to be done. 

The tools used for the forming opera- 
tion are usually wood blocks, wood 
blocks faced with fibre or metal, or 
metal blocks or dies. For closed or 
semi-closed shapes flexbile mandrels are 
usually required. In all cases the tools 
must fit the metal member closely and 
support all parts of the cross-section so 
that the original shape of cross-section 
is maintained and buckling of parts of 
the shape is prevented. The member is 
forced into contact with the block or die 
by hand, by a roll fastened to a lever 
arm pivoted at the center of curvature, 
by power rolls pressing the member and 
block into contact, or by various types of 


presses. The material for the tools and 


the equipment required for bending de- 
pend on the shape and material of the 
member, the stiffness of the member, 
and the necessary speed and quantity of 


production, 


Two sets of formulas have been de- 


veloped. One set constitutes a general 
method and is applicable to all shapes 
and amounts of forming but involves 
considerable computation. The second 


set is much simplified, but approximate. 


This second set of formulas may give 


satisfactory approximations for many 
forming operations. Where further pre- 
cision is desirable it serves as the first 
step in the application of the general 


method. 


Derivation of General Method 


The general method of arriving at the 


curvature necessary to produce the de- 


sired final contour is to consider the 
member bent beyond the elastic range 
so that the elastic springback will be 


just sufficient to leave the member with 
that desired final contour. 


In Fig. 1 is shown a typical member 
such as angle, which is to be formed so 
that the final radius of the neutral axis 
will be Rə. The member is bent so that 
the neutral axis of a short length, dS, 
assumes the curvature R, and the ex- 
treme fibres of the member are stressed 
beyond the elastic limit. When the bend- 
ing forces are released the member 
tends to straighten out or “spring back” 
so that the neutral axis assumes a new 
curvature. The goal is to make R, such 
that this final radius will be Rə. It is 
assumed for purposes of this analysis 
that plane cross-sections remain plane 
during bending and that the entire cross- 
section changes angular position as in- 
dicated in Fig. 2. As the member is 
bent, the fibres on one side of the neu- 
tral axis are elongated and those on the 
other side are shortened. The amount 
of lengthening of a length, dS, of the 
extreme fibre on the tension side may 
be expressed as 

er dS 
where e, is the total unit tensile strain, 
inch per inch. 

Similarly, the shortening of a length, 
dS, of the extreme fibre on the com- 
pression side may be expressed as 

e às 
where e. is the total unit compressive 
strain, inch per inch. When the bending 
forces are released and the member 
springs back, the elastic recovery of the 
tension fibre may be expressed as 

e'r dS 
where e’, is the elastic recovery in ten- 
sile unit strain. And, similarly, the elas- 
tic recovery of the compression fibre 


may be expressed as 
ё'„'48 


where e', is the elastic recovery in com- 
pressive unit strain. 
From Fig. 2 the corresponding angle 


change, Z, resulting from springback, is 
found to be 


€ v dS or pa e nU (1) 
сі C2 


angle change from springback, radians, 


апа с, = distances from neutral axis to 


extreme tension and compression 
fibres respectively, in in. 


с 


— 


From Fig. 1, it follows that 
p " dS dS 
бокае 4E 
К; R: 
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Therefore, from a combination of 
Equations (1) and (2) it follows that 
dS _ dS _ erds 


R, R. С (3) 
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Since e^ is the elastic recovery in 
tensile unit strain, its magnitude may 
be expressed in terms of an equivalent 
stress and the modulus of elasticity of 
the material. In bending structural 
shapes to customary radii the biaxial 
stresses set up are considered negligible 
so that the relation between stress, 
strain and modulus for elastic recovery is 


е = —— (4) 


f — tensile stress at the extreme fibre re- 
leased by springback, lb. per sq. in. 
E — modulus of elasticity, Ib. per sq. in. 

In analyzing the forming of wide 
sheet and plate or the forming of solid 
sections bent to small radii (comparable 
to the section depth) biaxial stresses 
should be considered. 

The total internal bending moment 
produced in the member by the bending 
forces must of necessity become zero 
when the bending forces are removed. 
This bending moment is that corre- 
sponding to stresses set up by the total 
strains compatible with the radius R, 
and, therefore, depends upon the shape 
of the stress-strain curve beyond the 
elastic limit. When this moment is re- 
leased the corresponding elastic stress 
release may be computed by the ordi- 
nary flexure formula. 


| 


] = ^r (5) 


f = tensile stress at extreme fibre released 
by springback, lb. per sq. in. 
M = total internal moment resulting from 
bending forces, in.-lb. 


I = moment of inertia of the cross-section, 
in. 

Since f must be the same quantity in 

Equations (4) and (5), its value from 

Equation (5) may be substituted into 


Equation (4) to give 
Mc 


ет И 9 


The value of e’ from Equation (6) for 
the tension fibre becomes e^, and may 


be substituted into Equation (3) to 


give 
з 2 
К dé. RH 
Eg M 
р Р, 71 
1 1 M 
т ж" ЖЖ т) 


This equation gives a relation between 
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Fig. 1—Problem is to determine radius R; to which the member must be bent to give a 
final radius of curvature R, after springback. Fig. 2—In this analysis, it is assumed 
that during springback the end cross-section rotates around netural axis, as indicated 


the forming radius of curvature, R,, 
the final radius of curvature, R», and the 


springback in terms of the total internal 


bending moment M, as computed from 
the shape of the stress-strain curve and 
the forming radius R,. The next step 
in the analysis then is to establish a 
method of computing M in terms of the 


total strains imposed by forming the 
member to the radius R, in the die or 
forming block. 

For any condition of curvature, the 
tensile force on a cross-section must 


equal the compressive force on that 


section and the internal moment on a 


cross-section must equal the external 
moment. 

For any condition of curvature of an 
unsymmetrical section there will be a 


slight shift of the neutral axis. If the 


stress-strain curves are not identical in 
tension and compression, there will also 
be a shift of the neutral axis if stresses 


exist above the elastic limit. 
In order to evaluate the magnitude of 


the internal bending moment, M, pro- 
duced by bending, the cross-section of 
the member is considered as divided 


into appropriate elemental areas dA, 
dA», etc., and each area is multiplied by 


the stress on that area. The summation 
of these areas times the corresponding 
existing stresses, Ef-dA, for the tension 
side of the member must equal the sum- 
mation of these products for the com- 
pression side. For a given radius of 
curvature R, the strain, e, for any ele- 


mental area at a distance, c, from the 
neutral axis can be determined from the 
relation: 


cR ® 


Knowing the strain, the stress can be 


taken from the stress-strain curve of the 


material. The location of the shifted 


neutral axis is determined by esti- 
mating the shift and modifying this until 
the condition Zf-d4 in tension equals 


EfdA in compression. Generally two 
or three trials will suffice to obtain this 
balance. 


The internal moment M, which is the 
sum of the moments of the forces on 


each elemental area about the final 


position of the neutral axis, may be 
expressed as 


M = = (f-dA-c) (9) 
Arrangement of this computation in 
tabular form as indicated in the numer- 
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ical examples minimizes the work of 
evaluating M, the internal moment. 

For any assumed value R, the corre- 
sponding value of the resisting moment 
M can be computed from Equation (9) 
and a value of R: obtained from Equa- 
tion (7). It is probable that the 
assumed value of R, was not exactly 
correct to give the desired value of R.. 
If so, a new value of R, must be chosen 
and another trial made. Usually one 
change after the first check on the 
assumed value is adequate if a good 
approximation of R, can be made 
initially. 


Derivation of Approximate 
Method 


The determination of the proper 
forming radius R, by the above method 
may require several trials unless a re- 
liable approximation of R. can be made 
as a starting point. Such a direct ap- 
proximation of R, may, in some cases, 
be satisfactory without further modifi- 
cation. 

For this purpose the actual area of 
the member is considered to be replaced 
by two hypothetical areas A, and 4», 
the sum of which is the actual area. As 
indicated in Fig. 3, they are considered 
to be located at the extreme fibre dis- 
tances c, and c», respectively from the 
original neutral axis. 

On the basis of zero statical moment 
about the neutral axis, the relation be- 
tween A, and A. must be such that 


А\с, = А»с» (10) 


The bending moment on such a hypo- 
thetical member may be computed 
directly from the total strains e, and es, 
corresponding to the forming radius R, 
used in Equation (8). These, in turn, 
may be determined as the sum of the 
final permanent strains, e”, and e”,, see 
Fig. 4, corresponding to the final radius 
R, plus the elastic “springback” strains, 
e, and e», which return the stress to 
zero in each hypothetical area. The 
strains e", and e". corresponding to the 
final radius R. may be computed di- 
rectly from Equation (8) as 


sy" a C1 
1 = ——— 
R: 


" 2 


and i" e 


The total strain and the correspond- 
ing stress for areas A, and A, may then 
be determined from the stress-strain 
curve by drawing lines through the 
strains e", and e", parallel to the initial 
modulus line to intersect the stress- 
strain curve. The strains and stresses 
corresponding to these intersections are 
the strains and stresses necessary to give 
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a final permanent radius R.. In Fig. 4 is 
shown a general schematic arrangement 
of this relation. 

When these stresses are known, the 
value of the internal bending moment in 
the hypothetical member may be com- 
puted and the value substituted into 
Equation (7) to give the approximate 
magnitude of the forming radius R.. 
The internal bending moment may be 
computed as the products of the areas 
A, and A, times the corresponding 
stresses f, and f. and their distances 
cı and c, from the neutral axis. Per- 
forming these steps algebraically gives 

М = Ае + Ајс 
But since 4,с, = Ас, this equation may 
be reduced to 

M = Acı (fi + fə) (11) 


The value / for the hypothetical section 
considered is 


I= Aic)? + Accs” 
Again using A,c, = A.c, it follows that 
І = Аа (а + е) (12) 





Fig. 3-—Sum of hypothetical areas A, and 
A, equals that of cross-section and they 
bear relation Aic; — A:c.; 


Stress strain 
Curve ^. 


Fig. 4 -Line through strain e" intersects 
stress-strain curve at a point correspond. 
ing to stress and strain necessary to give 
a final permanent radius desired 


These values for M and I may be substi. 
tuted into Equation (7) to give 


A a 1 Aii (fi + fa) 
R R ЕАзс (а + с») 





E 4 l1 /h-f E 
- "Tt (+4) (18) 


Procedure in Calculating 


To determine the forming radius R, 
the following sequence of operations is 
suggested: 

(A) Calculate the approximate form. 
ing radius R, from Equation (13): 


1_1, 1 (545 

Rı Rz E € + C2 
If experience indicates that this approx- 
imation is close enough for the particu- 


lar forming to be done, no further work 
is necessary. 





(B) If, however, this approximation 
is not adequate, the following steps are 
required: 

1. Estimate the shift of the neutral 
axis as discussed in connection with 
Equation (8) using R, as calculated 
under step (A). 

2. Calculate the strains on the ele- 
mental areas for the approximate curva- 
ture R, from Equation (8). 

3. Determine the stresses correspond- 
ing to these strains using the stress- 
strain curve for the material in ques- 
tion. 

4. Calculate the forces Sf-dA for ten- 
sion and compression on the cross- 
section. These forces should be approxi- 
mately equal. If not equal, assume a 
different shift of axis and recalculate 
until satisfactory equality is obtained. 

5. Determine the internal moment 
from the summation for the elemental 
areas from Equation (9). 

6. Using this internal moment, cal- 
culate R, from Equation (7) and R.. 

7. This value of R, should agree with 
the assumed value of R. If it does not, 
using the value of R, from step 6 above, 
repeat the procedure until satisfactory 
agreement is obtained between the 
assumed and calculated values of R.. 


Obviously these calculations cannot 
be made unless the stress-strain curve 
for aluminum alloys is available. It is 
necessary to refer to the stress-strain 
curve of the particular alloy of which 
the part is made. 

Stress-strain curves for the aluminum 
alloys in most common use and an ex- 
ample of the application of this method 
will be given in Part II of this article 
which will appear in the November 
number. The die radius of the forming 
block for bending a channel-shaped 
member to a specified radius will be 
calculated. 
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Pock marks made by a prick punch 
while laying out this locomotive side 
rod caused its failure in service. These 


sharp nicks were excellent starting- 
places for the fatigue cracks, and 


should have been removed by grinding 
a radius. А generous radius should be 
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Fatigue crack 


specified for all sharp machined edges 
of parts such as this. It is not enough 
to chamfer; that simply leaves two 
sharp edges instead of one, particularly 
dangerous-if the chamfering is done 
roughly. Radius should be smooth, even 
polished. 
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Worm drive unit of a new auto- 
matic machine overheated during its 
trial run. The design was checked again 
and found correct for lead and speed, 
but the designer had overlooked the 


fact that the standard commercial 
worm, which he had selected from a 
manufacturer’s catalog, had no hub on 
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SECTION X-X 


its ends. At the two points where the 
worm thread ran out to the ends it 
rubbed against the outer races of the 
ball bearings. Cure was to machine a 
small shoulder on the ends of the worms 
for clearance. The job was not com- 
plete until a detailed drawing specify- 
ing this machining had been prepared. 
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Cork gaskets lose their effectiveness 
if compressed beyond their elastic limit. 
Effectiveness of many types of joints 
depends entirely on the correct amount 
of tension being put on the bolts. If 
too much pressure is applied, the gas- 
kets can be crushed so that they no 
longer seal the joint. Allis-Chalmers 
have developed the metal-to-metal 
joints shown above for power trans- 
formers. These joints compress the gas- 
ket a predetermined amount. 


WHITE INSTRUMENT DIALS coated with 
lacquer or paint are often discolored 
by high temperatures, light, chem- 
ical fumes and moisture. Westing- 
house research engineers have recently 
developed a liquid plastic material 
that is sprayed on specially prepared 
sheet metal under controlled atmos- 
pheric conditions to produce a hard, 
smooth, white surface that is un- 
affected by these conditions. Litho- 
graphing the dial scales coated with this 
smooth plastic also presented a prob- 
lem. In damp atmospheres the plastic 
is practically impervious to ink. Con- 
trolled dry atmosphere of the printing 
room was the cure. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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Designed for Widest Range of Conditions 


E. R. SUMMERS 


Induction Motor Engineering Department, General Electric Company 


HE CONVENTIONAL sleeve 

bearing with steel shell, hard 

babbitt lining and straight hori- 
zontal oil grooves, has been used suc- 
cessfully for many years. However, this 
dependable type of bearing has occa- 
sionally been challenged by the trend in 
industry toward flexible, individual mo- 
tor drives instead of the old, cumber- 
some central drives with complicated 
line shafting arrangements. These newer 
individual chain, flat belt, or V-belt 
drives commenly have a short distance 
between pulley centers to conserve belt 
material and floor space, a low belt 
speed to reduce the size and cost of 
the larger driven pulley, and an un- 
favorably small arc of belt contact on 
the motor pulley. Also some form of 
pivoted motor base is often used to 
maintain automatically the belt tension 
at a predetermined amount, which is 
frequently the highest value that the 
motor manufacturer will approve for the 
bearings. These factors have tended to 
increase the duty imposed on motor 
bearings, and the load limitations of 
conventional sleeve bearings have some- 
times been exceeded. 

To meet the challenge of modern 
trends in belted applications, the fun- 
damentals of sleeve bearing design have 
been critically reviewed. This article 
presents the results of extensive tests 
that have been made both in the factory 


and in the field under a wide range of 
service conditions to determine the most 
advantageous ratio of bearing length to 
shaft diameter and to investigate differ- 
ent oil grooving arrangements, in order 
that sleeve bearings could be better de- 
signed for a maximum of reliable serv- 
ice with the most effective use of active 
material. 


Pounds Per Square Inch Fallacy 


In the design and application of 
sleeve bearings, it has been a common 
practice to express the load in terms 
of unit pressure or “pounds per square 
inch” of projected area. The often ac- 
cepted, yet fallacious axiom, that bear- 
ing capacity is proportional only to 
projected area, bearing length times 
diameter, has become so deeply im- 
planted that many persons appraise 
a bearing solely by its size and weight. 

The early motors of 40 years ago 
usually had long bearings, with a length 
at least three times the shaft diameter. 
Later a shorter length of 2% diameters 
was considered desirable, and more re- 
cently lengths of 2 and 14% diameters or 
less have been advantageously used. In 
occasional comparative tests it has been 
observed that short bearings would 
stand as much, and sometimes more, 
belt tension as longer bearings of the 
same diameter. Obviously, there must 
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be some other factors in bearing design 
that are of equal or greater importance 
than size. 

Actually the length to diameter ratio 
of a bearing, the arrangement of oil 
grooves, or the direction of rotation 
are often far more significant than the 
amount of projected area in determining 
load capacity. It is possible to make 
bearings too large as well as to have 
them too small. Data are presented in 
this article on specific cases where the 
bearings were found to be too long or 
to have too large a diameter to give the 
best possible performance. 


Effects of Shaft Deflection 


Field examinations of long bearings 
which had been subjected to heavy 
horizontal belt tension showed that the 
bore was no longer uniform after oper- 
ation for a short time at excessive 
temperatures, or for a longer period at 
lower temperatures, but was enlarged 
at the end adjacent to the belt pulley, 
as shown in Fig. 1(a). This enlargement 
occurred only in the horizontal axis of 
the belt pull, there being no corre- 
sponding increase in the vertical diame- 
ter. The belt tension had deflected the 
shaft so that the load was concentrated 
initially on about 30 percent of the bear- 
ing surface at the end portion between 
A and B, Fig. l(b), and in extreme 
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Fig. 1—Effects of shaft deflection on long bearings—(a) gives the micrometer measurements of the bore of a worn bearing 
across diameters parallel to the line of resultant belt pull; (b) effects of shaft deflection on load distribution over the length of 
a long bearing; (c) long bearing bored to a curve corresponding to the shaft deflection so as to distribute bearing pressure uniformly 
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Fig. 2—Belted tests on 2.75 in. dia. sleeve bearings of various 
lengths with shaft running at 1,800 r.p.m., showing tempera- 
ture rise of bearings under load and no-load conditions 


cases pressure existed at the back end 
on the opposite side at E. For initial 
operation with belt tension, the tem- 
perature of the bearing shell at point x 
was usually higher than at point y, as 
much as 20 deg. C. higher in extreme 
cases. 

When the babbitt of a long bearing 
starts to wipe at A, the wiping pro- 
gresses toward B, C, and in extreme 
cases to D, thereby distributing the 
load over a greater area and relieving 
any pressure on the opposite side at E. 
Sometimes a bearing will wipe slightly 
over only part of its length, cool off, and 
then continue to run indefinitely with- 
out the motor user being aware that 
one end of the bearing overheated dur- 
ing the first few minutes of operation. 
With careful control of belt tension, a 
long bearing can be “broken in” by 
operating at a temperature which will 
cause the babbitt to flow slowly and 
conform to shaft curvature, thereby in- 
creasing the pressure area until the load 
can be carried with a reasonable bear- 
ing temperature. 

However, bearings must be rated in 
terms of initial capacity if a “breaking 
in” period is to be avoided. The greater 
part of the bearing length in Fig. 1(b) 
is not only useless for initial operation, 
but is actually detrimental, because any 
pressure on the back side at E must, 
by summation of vector forces, increase 
the pressure at A above the value which 
would have existed with a shorter bear- 
ing. To utilize initially the full surface 
of long bearings, without first wiping 
babbitt, it would be necessary to make 
them with a curved bore as in Fig. 1(c) 
corresponding to the shaft deflection. To 
try this out, several new bearings were 
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made with various curvatures of the 
bore. The test results, although rather 
favorable, did not indicate this to be a 
completely practical method of utilizing 
long bearings. 


Bearings of Different Lengths 


Long bearings are sensitive to align- 
ment in assembly, to deflection of motor 
endshields and frames under stress, or 
to a small taper unintentionally ma- 
chined into the bore of the bearing. 
Load is not carried on those portions 
of a bearing having a clearance with the 
shaft greater than the thickness of an 
oil film under pressure. Some erratic 
test results with long bearings were 
traced to small variations in alignment 
and taper which were within reasonable 
tolerances of manufacture and assembly. 

In a series of belted tests on an 1,800 
r.p.m. motor with 234 in. diameter 
journals, the bearing length was re- 
duced progressively to determine the 
maximum surface that could be effec- 
tively used without sacrificing either 
load capacity or temperature rise. 

With the belt removed and motor 
running light, the minimum tempera- 
ture rise occurred with a bearing length 
of less than one inch, or a length to 
diameter ratio of less than l5. This 
"zero load" curve of Fig. 2 represents 
a direct connected motor with good 
alignment. With 1,500 lb. bearing pres- 
sure, corresponding to normal load belt 
pull, the lowest temperature was ob- 
tained with a length equal to 0.8 of the 
diameter. At a heavy overload of 3,000 
lb. a length of about 1.1 diameters 
would give the coolest operation. 

As a result of these tests and other 












Fig. 3. Comparison of oil groove patterns. At (A) is shown 
a bearing with spiral grooves, and at (B) is shown one with 
conventional straight groove parallel to the axis 


factors discussed later, the conclusion 
can be drawn that a bearing length of 
1144 diameters provides the greatest 
surface that can be effectively used. 
even for possible abnormal conditions. 
A length of 14% diameters is consider- 
ably less than has heretofore been used 
on general purpose motors. This short- 
ening of the bearings results in less 
friction loss, lower temperatures, 
smaller housings, less obstruction to the 
flow of ventilating air into the motor, 
and less susceptibility to deflection or 
slight misalignment. These shorter bear- 
ings have been incorporated as standard 
in the General Electric Tri-Clad motor. 


Importance of Oil Grooving 


There has been a long-standing con- 
cept that sleeve bearings lubricated 
only by oil rings inherently have much 
less load carrying capacity than pres- 
sure lubricated bearings, where oil is 
forced in through a pipe. Tests have 
shown, however, that the load capacity 
depends not on the method of deliver- 
ing oil to the bearing, but rather on 
how the lubricant is distributed within 
the bearing by the oil grooves. With 
pressure lubrication the supply of oil 
is sufficient to fill continuously the clear- 
ance between bearing and shaft, but 
if this clearance can be filled adequately 
from oil rings, the bearing will carry 
just as much load. Recognizing these 
facts, changes have been made in the 
grooving to provide a “full” bearing, 
and thereby more effectively utilize the 
inherently good load capacity of ring 
lubricated bearings. 

Straight, “dead-end,” horizontal oil 
grooves as shown in Fig. 3(B) have 
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long been used in conventional sleeve 
bearing design. Although satisfactory 
for many applications, these bearings 
have “dead-spots” where the load capac- 
ity is sharply reduced, At Fig. 4(a) is 
illustrated the condition under which 
the conventional bearing is most vul- 
nerable. namely, horizontal belt pull 
with tight side underneath. Oil is de- 
livered from the rings to the groove on 
the loaded side, but the pressure of the 
shaft against the groove prevents oil 
from entering and filling the clearance, 
and overheating may occur at a rela- 
tively low load from insufficient lubrica- 
tion. 

In Fig. 4(b) is shown the opposite 
shaft rotation with tight side of belt 
on top. The conventional bearing oper- 
ates more satisfactorily under this con- 
dition because oil deposited in the 
groove on the “clearance” side can 
enter the bearing freely, wet the lower 
portion of the shaft, and form an oil 
film *wedge" as the center of pressure 
is approached. 

Tests showed that the conventional 
bearings operated cooler and more 
consistently under condition (b) and 
had 2 to 4 times as much load capacity 
as under condition (a). For horizontal 
belt pull, condition (a) is not only more 
common, but is required on most 
pivoted base applications where the belt 
tension increases automatically with 
the load. The conventional bearing 
therefore has its least load capacity 
and is most erratic in performance for 


the very condition under which it is 
most frequently used with belt or chain 
drives. 

For the limiting condition of Fig. 
4(a), the load capacity could be in- 
creased by changing the oil groove 
location from o-c to o-d so that it would 
not coincide with the center of pressure 
on the bearing. Although tests with oil 
grooves at position o-d were more fav- 
orable for a particular angle of belt 
pull, this shifting of *dead-spots" from 
one location to another did not offer 
a satisfactory general solution—critical 
*dead-spots" must be eliminated. 

After many tests with different oil 
groove patterns, a type of spiral groove 
illustrated at (A) in Fig. 3 was adopted 
for general purpose motors. There are 
no critical “dead-spots” with these 
spiral grooves, because only a small 
percentage of the babbitt surface is 
removed along any axial line. Fig. 4(c) 
shows the superior lubrication obtained 
with the new design. The shape and 
“continuity” of the spiral grooves, the 
pumping action of the rotating shaft 
surface, and the low-pressure area in 
the clearance beyond the center of 
pressure cause the oil to be sucked into 
the grooves freely and distributed 
quickly throughout the bearing for all 
conditions of operation thereby achiev- 
ing the fundamental objective—a “full” 
bearing. This basic improvement in 
lubrication gives good load capacity 
for belt pull in any direction, has more 
nearly uniform characteristics for oppo- 
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(b) Conventional Bearing - 
Tight Side of Belt 
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site directions of rotation, assures longer 
life, and provides a greater factor o! 
safety against interruptions of service. 


Advantages of Short Bearings 
With Spiral Grooves 


The vertical line of Fig. 5 illustrates 
the erratic results obtained with con- 
ventional long bearings with straight oil 
grooves and operated under the most 
unfavorable condition as shown at (a) 
in Fig. 4, with tight side of horizontal 
belt underneath. Seven similar bearings 
were tested in different motors at the 
same load of 2,250 lb. Each point on 
the vertical line represents the ultimate 
temperature rise for continuous opera- 
tion of a specific bearing. The tem- 
perature rises of five bearings ranged 
from 26 deg. C. to 120 deg. C., and 
two bearings failed before steady condi- 
tions were reached. When shaft pres- 
sure against the groove blocks the free 
entrance of oil, the performance be- 
comes erratic because quite small varia- 
tions in alignment, shaft deflection, 
taper, condition of shaft surface and 
bearing bore, edges of oil grooves, etc., 
will cause large differences in initial 
load capacity and temperature rise. 

The horizontal line of Fig. 5 repre- 
sents the average of five different 
tests with bearings only half the length 
of conventional bearings and having 
spiral oil grooves as shown at (A) in 
Fig. 3. The highest temperature rise 
of 23 deg. C. at 5,200 lb. load, 260 lb. 








(c) New Style Bearing 


E 


Fig. 4—At (a) is shown the condition created with a horizontal belt pull with tight side underneath. The oil is delivered to the 
groove on the loaded side. With the tight side of the belt on top, as at ( b), conditions are better because the oil is delivered to the 


groove on the clearance side. At (c) is a new-style bearing with spiral oil grooves which give improved lubrication for any direc: 


tion of belt pull and either direction of rotation 
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Fig. 5—Belted tests on two 4 in. diameter sleeve bearings, one 
short and the other one long, with journals running at 720 r.p.m. 


per sq. in., with the short bearings is 3 
deg. C. better than the most favorable 
test of 26 deg. C. rise at 2,250 Ib. load. 
56 lb. per sq.in., with the conventional 
bearings. All of the tests shown in Fig. 
5 were taken with the same angle of 
belt pull and mechanical rotation. 

Obviously, sleeve bearings cannot be 
designed and applied on the basis of 
“pounds per square inch" only. Since 
the combined advantages of better lubri- 
cation. and shorter length make the 
new style bearings more consistent in 
performance and less susceptible to 
variations in manufacture, assembly, or 
application, a general review can be 
made of sleeve bearing limitations. 

A broad outline has been presented 
of the major steps taken in arriving 
at this improved bearing design. The 
following information not only recites 
more completely many field tests and 
studies which substantiate the conclu- 
sions made, but also discusses additional 
principles of good bearing design that 
should be of general interest and value 
to machine designers. 


Limitations of Short Bearings 
with Spiral Grooves 


A new style bearing 2 in. in diameter 
and 3 in. long was tested at 1,200 r.p.m. 
with progressive increases in belt ten- 
sion to investigate load limitations. Each 
point on the curves of Fig. 6 represents 
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Fig. 6—Comparison of temperature rise in new style short 
bearings when rotating clockwise and counter-clockwise 
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Fig. 7—Belted tests on bearings 2*4 in. dia. and 2*4 in. long with spiral grooves 


a steady state condition with constant 
bearing temperatures. For counter- 
clockwise rotation, tight side of belt 
underneath, stable operation at 35 deg. 
C. rise was obtained at a pressure of 
540 Ib. per sq. in. of projected area, but 
the test was discontinued at that point 
because of excessive bending stresses in 
the motor shaft. For clockwise rotation 
the bearing temperature became un- 
stable at pressures above 400 lb. per 
sq. in. Results very similar to those of 
Fig. 6 were also obtained at 1,800 r.p.m. 


with a bearing 114 in. in diameter and 
2% in. long. 

In Fig. 7 are shown test results for a 
234 in.x 234 in. bearing with spiral 
grooves over a load range from zero to 
5,000 lb. at speeds from 600 to 1,800 
r.p.m. with tight side of horizontal bel: 
underneath. Each plotted point repre- 
sents a period of operation until bear- 
ing temperatures became constant. The 
5.000 Ib. load corresponds to a bearing 
pressure of 660 lb. per sq. in. The 


“zero” curve refers to zero external 
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Fig. 8—Ground journal of a new shaft after one hour of running in a 4x8 in. bearing 
at 155 lb. per sq. in. pressure. Chatter marks from grinder are visible 


load, that is. belt removed, the weight 
of motor rotor being neglected because 
it corresponds to only 15 lb. per sq.in. 
unit pressure. Temperatures were meas- 
ured with thermocouples embedded di- 
rectly in the babbitt lining. Later when 
the bearing was operating at 740 lb. 
per sq. in., the motor shaft broke from 
bending stress and the tests were dis- 
continued. 

These tests at extremely high pres- 
sures were made to investigate the 
inherent load capacity of babbitt with 
oil ring lubrication and to obtain a 
better idea of available factors of safety 
in the design and application of sleeve 
bearings. There was no intention of 
using such pressures in design, because 
shaft stresses, belt tension limits, pulley 
construction, and other practical con- 
siderations usually restrict the bearing 
pressures to less than 200 lb. per sq. in. 
even with short bearings having a 
length of only 11% in. diameters. 

There is also no intention to infer 
that general purpose short bearings 
with spiral grooves may be used satis- 
factorily for all conditions of operation 
at the extremely high pressures men- 
tioned above. The initial load capacity 
with a new bearing and freshly ground 
shaft is less than the ultimate capacity 
with progressive increments in pressure 
after the shaft has acquired a polish 
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and any high spots on the babbitt have 
been worn off. Fig. 8 shows a new 
shaft after one hour of initial operation 
with a 4-in. x 8-in. bearing at 155 lb. 
per sq. in. pressure. Shallow chatter 
marks from the grinder are visible and 
there is some discoloration of shaft sur- 
face by the lubricant although the ini- 
tial temperature rise of babbitt did not 
exceed 35 deg. C. After operating one 
day at 190 lb. per sq. in., this shaft sur- 
face acquired a uniform polish, chatter 
marks were no longer visible and the 
bearing temperature rise decreased to 
24 deg. C. There was no observable 
change in either shaft or bearing 
diameter by micrometer measurement. 

Motors are sometimes started under 
belt tension with dry bearings after long 
shutdown periods. Also in cold weather 
the oil may be so heavy that good lubri- 
cation is not established immediately 
after starting. There are many other 
variables such as vibration, different 
grades of oil, changes in ambient tem- 
perature, alignment, dirt in oil, and 
shock loads, which affect bearing per- 
formance. There must be a consider- 
able margin between laboratory tests 
and field applications to provide an 
adequate factor of safety against those 
hazards of service which cannot be well 
anticipated. 

The new type bearings have been 


tested under pressures commonly con- 
sidered impossible for oil ring lubrica- 
tion, and have performed successfully 
on applications where conventional 
bearings have failed. Although the new 
bearings are free of critical “dead- 
spots” and have adequate capacity for 
any normal operating condition, there 
is no intention to imply that a given 
general purpose bearing such as that 
shown at (A) in Fig. 3 is entirely sym- 
metrical in its performance. Whenever 
the smooth surface of a bearing bore is 
interrupted with an oil groove, the load 
capacity is reduced to some extent for 
one or more operating conditions. High 
oil film pressure is not maintained at or 
immediately adjacent to a groove. Since 
no way has been found to avoid oil 
grooves altogether, the next best thing 
is to use the simplest, continuously 
curved groove which will circulate oil 
to both ends of the bearing and to both 
sides of the shaft, and still not interrupt 


the full length of bearing surface in 
any axis. 


Oil Groove Patterns 


When the straight “dead-end” oil 


grooves of the conventional bearings 
were shifted 20 deg. above the center 
of pressure, from position o-c to o-d in 
Fig. 9, the load capacity for horizontal 
belt pull to the left was improved for 


counter-clockwise rotation. But suc. 


cessive tests were inconsistent because 
the groove was yet too close to provide 
adequate lubrication and load distribu- 
tion as the center of pressure was ap- 
proached. The bearing still had much 
more load capacity for clockwise than 
for counter-clockwise rotation, however, 
this dissymmetry can be readily ex- 
plained by contrasting the large 200-deg. 
arc of smooth continuous bearing sur- 
face between groove G and the center 
of pressure with the small available 20 
deg. arc below groove G, as shown in 
the figure. 

Any interruption in bearing surface 
as the center of pressure is being ap- 
proached greatly decreases the load ca- 
pacity, but a similar irregularity on the 
trailing side is of much less conse- 
quence. This is explained by the fact 
that the oil film pressure builds up 
gradually to a peak value and then de- 
creases quite suddenly after the mini- 
mum clearance is passed, because the 
excess oil is squeezed out at this point. 
It is not sufficient to say that an oil 
groove must be displaced from the cen- 
ter of pressure by a specified angle of 
so many degrees for good load capacity. 
The direction of rotation must be con- 
sidered in any particular case. 

This same basic principle explains 
the smaller amount of dissymmetry in 
a spiral grooved bearing. In Fig. 10 at 
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(a) is shown the bottom half of a bear- 
ing with a groove pattern well adapted 
to general purpose motors. For coun- 
ter-clockwise rotation with horizontal 
belt pull to the left, the center of pres- 
sure occurs at x-x, oil is delivered to 
the groove at a, is sucked and pumped 
under shaft to low pressure side b 
where it leaves the groove, fills the 
clearance indicated at (c) in Fig. 4, 
and is carried without interruption over 
top of the shaft toward the pressure 
area, thereby providing maximum load 
capacity. 

For clockwise rotation the oil enters 
at b and passes under the shaft, but 
that portion of the groove near a must be 
passed over as the center of pressure at 
x-x is approached, thereby reducing the 
load capacity of the middle part of the 
bearing. But the end portions are far 
enough away from the grooves to carry 
a higher pressure. 

As the center of pressure is shifted 
from the side of the bearing at x-x to 
the bottom at y-y, the reduction in load 
capacity of the end portions is accom- 
panied by an increase in the capacity of 
the middle part since the grooves spiral 
out toward ends of bearing at the bot- 
tom. Extensive tests with different 
angles of belt pull have shown that for 
any operating condition, a sufficient 
part of the bearing length remains 
effectively lubricated to carry the loads 


commonly imposed on general purpose 
motors. 

On large direct connected motors be- 
yond the belted range where the center 
of pressure occurs at axis z-z on bottom 
portion near vertical centerline, the 
"continuous" rectangular oil groove 
shown at (b) in Fig. 10 will give higher 
load capacity near ends of bearings 
than the groove shown at (a) in Fig. 
10. With this rectangular pattern there 
is an arc of at least 60 deg. between 


the groove and center of pressure 





throughout the effective length between 
points P and Q, and this insures high 
capacity and symmetrical performance 
for both directions of rotation. These 
two patterns, and other similar arrange- 
ments, have been used successfully with 
pressure lubrication, with oil ring lubri- 
cation, and with various combinations 
of the two. For any uncommon, special 
or particular situation, with a little in- 
genuity, a tailor-made pattern can be 
devised by following the basic prin- 
ciples of a "full" bearing and by not 
interrupting the surface over an arc of 
about 60 deg. on the leading and 20 
deg. on the trailing side of the center 
of pressure. 

With the “continuous” type of 
groove, the oil circulation cannot be 
blocked with air pockets as sometimes 
occurs in “dead-end” grooves. Fig. 11 
represents a wide range of experience 
with “continuous” oil grooves. The 
smaller oil ring bearing, size 144 in. x 
214 in., was applied on a 3-hp. textile 





Fig. 11—Continuous oil grooves have 
been used on a wide range of bearings. 
The small bearing is for a 3 hp. motor, 
the large one for a 15,000 hp. motor 


Bearing 


Horizontal 
belt pull 





motor and the large pressure lubricated 
bearing, size 19 in. x 24 in., was used on 
a 15,000-hp. motor. 


Limitations of Split Bearings 


The tests so far described were made 
with solid steel tube bearings such as 
illustrated in Fig. 3. An extensive in- 
vestigation was also made of split bear- 
ings with diameters of 2 to 51% in. Split 
bearings commonly have the joint on 
the horizontal center line as shown in 
Fig. 12. For horizontal belt pull the 
center of bearing pressure coincides 
with the joint, and the oil film is usually 
not fully maintained because lubricant 
will be forced out of any opening. If 
the joint surfaces are carefully made, 
and the two halves of bearing firmly 
held together without distortion, the 
performance approaches that of a solid 
bearing. If such precautions are not 
taken, the load capacity in the horizon- 


tal axis may be sharply reduced, by 50 


Exaggerated clearance between 
shaft and bearing 


Split joint in 
| aie lining 


Fig. 12 —Split type of sleeve bearings com- 
monly have the joint on the horizontal 
center line. Horizontal belt pull causes 


the pressure to come against the split 


Rectangular 
oil groove, 


Spiral 
o// groove 


Bearing i 
lining 





Fig. 9—With the conventional horizontal “dead-end” oil groove, the oil flow may become blocked. Fig. 10—Typical “continuous” 
The design shown at (a) is for general purpose motors. 


oil groove patterns. 
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Design (b) is for large direct-connected motors 
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percent or more. The load capacity in 
the vertical axis is not greatly influ- 
enced by small variations in split joints. 
Most motors with split endshields are 
directly connected to the load, instead 
of belted, for which case the bearing 
joints are of less consequence. 


Bearings of Different Diameters 


Comparative belted load tests were 
made on a 900 r.p.m. motor using first 
a 4 in. and later a 5 in. diameter journal 
on the pulley end as shown by the two 
curves of Fig. 13. All conditions of test 
were as nearly identical as possible 
except for the diameters of bearing and 
shaft. Because of the higher rubbing 
speed of the shaft journal, the larger 
bearing had a greater temperature rise 
than the smaller bearing, 23 percent 
more rise at zero external load and 50 
percent more at 7,000 lb. load. The 
temperature rise under field service 
conditions increased approximately as 
the square of the bearing diameter. 

These tests showed that bearings may 
be too large as well as too small. Bear- 
ings should not be appraised on the 
basis of their size and weight. In some 
cases better performance can be ob- 
tained with a smaller bearing. 


Effects of Different Lubricants 


Comparative belted tests were made 
on a 1,200 r.p.m. motor having 2 in. x 3 
in. bearings with four different lubri- 
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Fig. 13—Belted tests on bearings of different diameter 


536 


cating oils designated as 4, B, C, and 
D in Fig. 14. Each point on the curves 
represents a steady state condition after 
several hours of operation. All tests 
were made consecutively under the 
same conditions, the motor being 
stopped only long enough to drain and 
refill the bearing housing with a differ- 
ent grade of oil. The heaviest oil A 
was labelled SAE-40. The lightest oil 
D was in the SAE 10 range and had a 
viscosity of about 200 sec. Saybolt at 
100 deg. F. The other two intermediate 
oils B and C were labelled SAE 30 and 
SAE 20. With belt removed and motor 
running light, corresponding to zero 
load in Fig. 14, the bearing temperature 
rise was 3 deg. C. with the lightest oil 
D and 17 deg. C., or almost six times as 
much, with the heaviest oil A. At the 
extreme load of 500 lb. per sq. in. the 
temperature rise was approximately 35 
deg. C. and was about the same for all 
four oils. At 100 lb. per sq. in., which 
is in the normal operating range, the 
bearing temperature rise with the 
heaviest oil was more than twice that 
obtained with the lightest oil. 

Some persons believe that a heavy oil 
is required for extremely high bearing 
pressure, but these test results indicate 
equally good performance with the light 
oil. The motor used for the tests of 
Fig. 14 was operated continuously for 
30 days, 24 hr. a day, at a bearing pres- 
sure of 500 lb. per sq.in. with the 
lightest oil D, and there was no observ- 
able wear of bearing or shaft by mi- 
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crometer measurement. Field measur.- 
ments also indicated no wear on two 
different 4-in. diameter new type bear. 
ings after more than a year of continu- 
ous operation under heavy belted loads 
with light oil. 

Since oil is usually circulated rapidly 
through bearings with spiral grooves, it 
is desirable to deliver an adequate 
amount of oil with the rings. When 
testing some of the larger bearings at 
high pressures it was found advan- 
tageous to use two oil rings side by 
side in the same slot in order to keep 
the bearing clearance continuously 


filled. 
Conclusions 


This review of the motor sleeve bear- 
ing situation indicates that marked im- 
provements are still possible in the most 
familiar and widely used devices, re- 
gardless of how long they have been 
under development. It also indicates 
that sleeve bearings are well able to 
carry loads far beyond the usually ac- 
cepted values, provided that the bear- 
ing dimensions are proportioned for 
correct distribution of load, the bear- 
ings are properly grooved, and there is 
an adequate supply of oil to the high 
pressure area. 


In November Propuct ENGINEERING, 
the author will explain in detail the test 
procedure used in the measurement of 
the bearing loads and their adjustment 
to the value desired. 


Effects of Different Lubricants 


on Bearing Temperature 


Conditions of test 
Bearing size- 2'diameter 

x3"length 

Motor speed - 1,200 r. p.m. 


Belt pull - Horizontal with tight 
side underneath 


FIG.14 i 


100 
Bearing Load in Pounds per Square Inch 
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Fig. 14 —Effects of different lubricants on bearing temperature 
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DESIGN OF HOOKS 






In Bending and Direct Stress 


MERHYLE F. SPOTTS 


Mechanical Engineering Department, Johns Hopkins University 


ET THE HOOK shown in Fig. 1 (a) 

be loaded with the force P 
which passes through the center 

of curvature of cross-section ВС. А» 
shown in most books on strength of 
materials (for example, "Strength of 
Materials” by S. Timoshenko, Vol. II, 
p. 423-426), the tension in combined 
bending and direct stress at B will be 

Mh Р 


A (1) 


S, maz. = Aea A 


where M is the bending moment caused 
by P, A is the cross-sectional area, and 
dimensions h,, e, and a are as shown іп 
Fig. 1 (b). Likewise the compression at 


C will be 





Mh , P (2) 


Se nes. = — Te TA 


After making the substitutions 


M = PR 
h=r-—a 
h=c-—r 
e=R-r 





Neutral 


axis (b) 


Fig. 1—Diagram for determining direct 
and bending stresses in hooks 
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and collecting terms, Equations (1) and 
(2) become 








= Ж (R/a)1 

8, maz 7 А Е | (3) 
Р | (К/с) 

Se таг. — Ж [ | (4) 


If it be desired to have the maximum 
unit stress in tension numerically equal 
to the stress in compression, the right 
hand sides of Equations (3) and (4) 
may be equated giving 





2 1 1 3 

еа ® 

2 ac à 

or пете (6) 


This result gives the condition gov- 
erning the location of the center of 
gravity which any type of cross section 
must satisfy in order that the maximum 
stresses may be numerically equal. 
Thus a cross-section in the form of a 
circle or parallelogram will not fulfill 
this condition. For such cross-sections 


s - (5) 


Consider the trapezoidal cross-section 
of Fig. 2. Dividing this into a parallelo- 
gram and triangle, the equation of 
statical moments about the center of 
curvature becomes 


R (5 i J (с— а) = 
bs (c — a) (: + = э + 
(by — be) ( 3 * (« E S + ‘) (7) 


Solving for R will give the location of 
the center of gravity. 

















R= ; A DA RR t (8) 


If the maximum stresses are to be 
numerically equal, the right hand sides 
of Equations (6) and (8) are equated 


giving 


6ac 
bı | 2a + c — ——]| = 
| ч а + -] 


6ac í 
Ad d eu ce anaes 
hfa + 2с "E: | (9) 


с 2h, -= be 
т аъ +2 (10) 


Equation (10) gives the relationship 
which must hold between the various 
dimensions of the trapezoid. It is seen 
that there is a limiting position for the 
location of the center of curvature. 
Taking the extreme case, b. = 0, a tri- 
angular cross-section, the ratio c/a — 2. 
Thus the distance a must always be 
larger than the depth of the bar or 
Si maz. Will become numerically larger 
than Se maz. for all trapezoids. 

In a similar manner an equation of 
statical moments can be written for the 
T-shaped cross-section of Fig. 3. The 
various dimensions must satisfy the 
equation 


4ac — bi(d' — a?) -- b» ( — d?) 
ate bı (d— a) + bs (e — d) 





(11) 


if the maximum and minimum stresses 
are to be numerically equal. ` 





Fig. 2—Equation (10) gives relationships 
of dimensions for trapezoidal section 





Fig. 3—Dimensions of T-shaped cross 
section must satisfy Equation (11) 
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Liquid Level Mechanisms — 





Means of determining liquid level, devices employ floats or pressure meas- perature and pressure. Methods using 
detection of changes in liquid level, urement with instruments such as the electric resistance of a column of liquid 
transmission of indicated levels, or U-tube manometer, bourdon tube, and and measurement of pressure changes 
warnings of changes beyond set limits; bellows. by means of piezo-electric crystals are 
and means of using level changes for The methods shown here are largely not shown. Patent No. 2,162,180 de. 
level control, or control of other con- indicating methods or simple devices for scribes a method involving determina. 
ditions such as temperature and pres- automatic control of liquid level al- tion of change in air pressure when a 
sure, have been accomplished by numer- though they can conceivably be applied measured volume of air is introduced 
ous mechanisms. The most popular to control other conditions such as tem- into a tank. 
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Fig. 1-Float and Lever- Operated Pilot Valve Fig. 2-Float and Cam- 
Operated Pilot Valve 
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Fig. 5-Pump- Type Lever 
Indicator 
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Fig.4 -Float and Pulley Indicator Fig.5-Pressure Dome Indicator: 
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Modern Designs 





Redesigned Royal Avoids Strategic Materials 






Royal Typewriter Company in March 1941 initi- 


: rass “Steel, 
ated a design program with the sole purpose of = C ر‎ 
eliminating strategic materials from their type- icon teeth ^ Brass 9 Ў 


writers. Once a month design and production ex- 


(b) Card Holder 
Bushing 















(a) Ribbon Feed Gear 


ecutives go over special inventory records and 
decide what steps must be taken to meet predict- 


able materials shortages. So far Royal has **beaten 





to the draw” every acute shortage—in most cases 


making changes several months before necessary. 









Nickel consumption has been reduced from 3,000 „< Phenolic 


Ib. to 900 Ib. per month. Brass is conserved by 


1 
1 
а shortened 


(c) Cylinder Knob Sleeve Right 


reducing size of parts or by switching to steel or 


plastics. All aluminum and zine will be eliminated. 





Brass to steel. Substitution of steel for brass in many 


~ 
high-production screw machine parts (such as shown in (a) ~-Brass 
and (b) at right) created a problem because screw-machine B / уте 
capacity, adequate for brass, was inadequate for steel at ."-Druss, , MONE 
s i р shortened plastic 


slower cutting speeds. Solution was to shorten some parts, 
as shown in (c) and (d), and to use plastics or steel for 
others. The part in (d) possibly may be eliminated entirely. 


(d) Cylinder Knob Sleeve Left 


i 


Brass ^^ <- Plastic Li 
i 


(a) Paper Holder Roll Core { 


| Plastic i 
ا‎ 
Р A А 


(c) Line Spacer Release Knob 


(a) Large Feed Roll 
(to be covered with rubber ) 


5 "Aluminum tube 








Forous bronze 
bushing. 





















| (b) 
dum Steed) 7 Feed Roll 
у Spacer 


tube” 
cM “Porous bronze 
e مراب‎ pressed , 
جه‎ in ends of tube 
Plastic--7 


(b) Small Feed Roll 
(to be covered with rubber ) 








Porous 4 
bronze -< 


(c) Paper Holder Roll Bushing 





Porous bronze to plastic. Bush- 
ings formerly made of oil-impregnated 
porous bronze are now made of cellulose 
acetate plastics. Cellulose acetate was 
chosen after laboratory tests, both dry 
and oiled, equivalent to four years’ serv- 


540 


ice. Polystyrene shows excessive wear 
when dry; phenolic plastics swell up 
and bind when oiled. Aluminum also 
was eliminated in (a) above, and brass 
was eliminated in (b). Both parts were 
made of plastic at lower cost. 


Brass to plastic. Parts shown above, 
now molded of plastic, were formerly 
cut from brass tubing or made on screw 
machines, Brass parts were chromium- 
plated, so shifting to plastics also saved 
considerable nickel. 
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Cylinder 


Brass —-._ 


Zine alloy 

die-casting 

eliminated 
К 

















Zinc alloy ) A 
die-casting ” 


Now cellulose : 
acetate. plastic =° 


(c) Type Bar Lever Bracket 


Aluminum to steel and wood, 
Cylinder assemblies of Royal type- 


writers formerly consisted of parts made 
of aluminum, brass, and zinc alloy. 
These strategic materials have been en- 
tirely eliminated by redesigning the 
cylinder as a steel tube with a wood 
core. In early tests it was found that the 
thin-walled steel cylinder set up a drum- 
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~ Wood, steel 
and rubber 
construction 







Wood core deadens 
drumming sound and 
eliminates die-cast part 









ming noise when the type keys struck 
the rubber covering. This was elimi- 
nated by extending the wood core all 
the way through. Smaller cylinders are 
made of wood without steel tube. Plas- 
tic cylinder end left and steel cylinder 
end right in present design are fas- 
tened to core with three wood screws. 
Approximately 25 cents was saved in 


N Steel (3/64 in. walls ) 
with wood core 







Aluminum 
1 







/ 


/ 
Formerly 
zinc alloy 
A. die-casting 


x 
*Wow of. 
stee/ 






(b) Line Spacer Cylinder Assembly 
(to be covered with rubber ) 


` “Slots are milled 
in this section 


77- Formerly casf aluminum; 
now malleable iron 


the new design shown in (b). 

Slots in the type bar lever bracket, 
shown in (c), are milled on special ma- 
chines. The substitution of malleable 
cast iron for this part not only adds 
weight, but also necessitated the con- 
struction of new slot milling machines 
to replace the hand-operated aluminum 
slotters. (continued on next page) 
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MODERN DESIGNS — Redesigned Royal (continued) 






Чар 


AN 
(a) Key Set Tabular Rack 


Formed stock to steel strip. Some 
parts of the Royal typewriter were 
made from steel stock obtained in 
special drawn forms, reducing the ma- 
chining required. These special forms 
are now difficult to obtain, so the parts 


Ribbon Vibrator 


Formerly stainless 
steel, now hardened 
carbon steel 


Stainless steel and brass to steel. 
Local annealing of one-quarter hard 
cold rolled steel permits bending the 
steel to sharp radii in the parts shown 
above. Parts are annealed over a spe- 
cial gas burner which directs flame jets 
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(c) Paper Holder Roll Rod 


eg НЕН 
Mwo sfee/ strips 
spot-welded 


c) 


are now made from standard strip, rods, 
or tubes, The key set tabular rack, (a), 
is now made by welding two steel strips 
together. One corner is slightly beveled 
to facilitate assembly of tabular stops. 
The ball race, (b), will be made from 


(b) Paper Guide 


Formerly bending 
brass, now hardened 
carbon steel 





at portions to be annealed. This sub- 
stitution was made in several similar 
parts formerly of nickel steel, nickel 
silver, or brass hard stock. Nickel 
silver has also been replaced by straight 
chromium stainless steel. 







NN 
* Ground 
raceways 


4 


i. 1 s 
\Formed steel strips 
riveted together 


(b) Ball Race 


two formed steel strips riveted together. 
Holes are cut in the back of thicker 
strip to give access to the rivet heads, 
In (c) is shown a simple substitution of 
steel rod for formed brass in the paper 
holder roll rod. 


Chromium Plating Reduced 


Most of the nickel-base chromium 
plating on small visible parts of Royal 
typewriters has been eliminated. Sub. 
stitutions are: attractive baked enamel 
and wrinkle finishes, tin electroplating, 
cadmium plating, and oxidized copper 
finishes. 

Parts such as the paper guide (see 
left) are japanned or wrinkled finished. 
Baked finishes are always applied over 
a bonderized or tin-plated base. Bonder- 
izing cannot be used on the graduated 
scales; the process seems to make the 
surface of the scales porous so that 
when the white is “wiped” into the grad- 
uations it sticks to the enamel and can- 
not be wiped off completely. Tin plating 
can be used as a base only for low-tem- 
perature baked finishes, otherwise it 
will “bead” and advantages of electro- 
plating over tin dipping are lost. 

Where a plated metal finish is desired, 
tin or cadmium are usually satisfac- 
tory. For some parts subject to scratches 
the hardness of cadmium is required, 
but for others the softer tin is adequate. 
These plated surfaces are not polished. 
Chromium plating is retained on such 
parts as the carriage return lever which 
are frequently handled and subject to 
abrasion and perspiration corrosion. 
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The magazine of a textile loom, the 
mechanism which stores the bobbins 
until they are fed into the shuttle, is 
connected to a selector motion which 
rocks the magazine so that the proper 
bobbin is fed to the shuttle at the right 
time. On Crompton & Knowles looms, 
high-speed operation of this magazine. 
which rocks about a bearing located 
near its center as shown in the illustra- 
tion, makes light weight of the mechan- 
ism desirable. For this reason, the maga- 
zine had been designed to be made of 
aluminum castings. and had a total 
weight of about 10 pounds. 

In addition to the requirement of 
light weight. the outside frame of the 
magazine must have a smooth, hard 
surface that will not corrode in an at- 





Cast iron loom magazine, with one 
bobbin in place in one side, is illus- 
trated above. The mechanism rocks on 
the bearing shown in the center of the 
left frame so that a bobbin from either 
side can be selected at the proper in- 
stant for feeding into the shuttle. The 
three iron castings of the frame are 
enameled to give a smooth, hard, corro- 
sion-resistant surface. 


Comparison of aluminum and gray 
iron for the three castings of the maga- 
zine is given in sketches at right. Mini- 
mum cross-sections with cast iron were 
calculated, from which approximate 
weights were determined. Cast iron 
mechanism, completely assembled, 
weighs only 75 percent more than the 
10-lb. aluminum magazine. Note in- 
creased length of cast iron supporting 
bearing in the large casting to compen- 
sate for increased weight. 
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Cast Iron Replaces Aluminum in Loom Magazine 


mosphere of 75 percent humidity at 
temperatures averaging 82 to 85 deg. F. 
These surfaces come in contact with the 
thread filling on the bobbins. To meet 
this requirement in the aluminum 
frames, all outside surfaces were pol- 
ished. 

When aluminum grew scarce, Cromp- 
ton & Knowles made a study to deter- 
mine what substitute material could be 
used. Gray cast iron, for which the com- 
pany maintained an excellent foundry 
with laboratory control, was the most 
logical material to consider. In order to 
use cast iron, it was necessary to reduce 
the weight of the castings to a mini- 
mum. This was accomplished by a study 
of the minimum cross sections possible 
with gray iron. This study showed that 





ALUMINUM 


Height 
Weight 


1274 in. 











ALUMINUM CAST IRON 
Average агеа 0625 ѕаіп. 0371 ѕа.іп. 
Height 11 94 іп. 11 J64 in. 
Weight 110-0 ог, 116-12 ог. 





rGreen enamel 


Average area 1020 sq in. 
3 lb.-102. 


enamel 


the assembled cast iron magazine would 
weigh only 134 times the aluminum 
magazine—considerably less than the 
expected 3:1 ratio. This acceptable in- 
crease in weight was compensated for 
by increasing the projected area of the 
supporting bearing by 36 percent. 

The iron castings were finished with 
green enamel to meet the requirement 
for a hard, smooth, non-rusting surface. 
This finish is put on before machin- 
ing. The changes in design, material, 
and finish are so satisfactory that alumi- 
num may never again be used for C. & K. 
loom magazines. The cast iron parts 
are perfectly interchangeable, not only 
in the assembled mechanism, but also 
in the jigs and fixtures used to machine 
the three parts of the magazine frame. 










ALUMINUM CAST IRON 
0625 sq.in. 0.311 sq. in. 
1134 in. 11332 in. 

| Ib-loz | Ib-14 oz. 








MODERN DESIGNS = Plain vs. Roller Bearings 


Design of plain cast iron bearings has 
progressed in step with improved alloys, 
foundry practices, and lubrication. To- 
day, manufacturers who have continued 
to use plain bearings find their experi- 
ences of great value in substituting 
plain bearings for roller bearings which 
are now difficult to obtain because of 
the National Defense Program. 

Crompton & Knowles Loom Works 
have for years been producing looms 
designed so that they may be equipped 
with either type of bearing—and with 
equal success. Relative advantages of 
the two types. as set forth by Albert 
Palmer, director of engineering, and 
Stanley N. McCaslin, mechanical engi- 
neer are: 


ROLLER BEARINGS: 


l. Slight wear 
2. Little attention to lubrication 
3. Saving in power due to less fric- 





Crankshaft 
roller 
bearings 












Bottom shaft 
roller bearing 


Rocker shaft 
roller bearing 


tion of the rolling contact bearings 

4. Interchangeability if replacement 
is necessary 

5. Large weight supported for mini- 
mum amount of projected bearing area 


CAST IRON BEARINGS: 

1. Low initial cost 

2. Low replacement cost 

3. With proper lubrication and mate- 
rial, long life due to large projected 
bearing area 

4. Minimum 
given load 

5. Uniform diameter for full length 
of shaft 

6. Simpler to support 

Main shafts of C. & K. looms run at 
maximum speeds of about 200 r.p.m.. 
speeds at which cast iron bearings are 
quite satisfactory. The type of plain 
bearing used js the “cartridge” type, 


outside diameter for 


Koller bearings support three main shafts in the drive 
end loomside of an older type silk loom shown above. The 
crank shaft, located near the top, has two roller bearings, 
while the bottom shaft (at center) and rocker shaft (near 
the floor) have only one roller bearing at each end. 


Plain bearings of the cast iron cartridge type are shown at 
right installed in the head end loomside of the new C. & K. 
silk loom. In this loom a small roller bearing is used on the 
rocker shaft (near floor) in addition to plain bearing to 
eliminate inaccuracy which may be caused by wear. 
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Rocker Shaft 


a construction which permits increasing 
the projected bearing area above that of 
a roller bearing installed in the same 
loomside casting. 

Lubrication of plain bearings, a prob. 
lem greater than for roller bearings. is 
by means of an oil cup and wick. Oil 
grooves in the bearings are straight. 
This method maintains a good lubricat- 
ing film under the conditions of bearing 
load and speed, providing proper lubri- 
cant is used and oil cups are kept rea- 
sonably full. 

To eliminate disadvantages of slight 
wear of plain bearings on some shafts 
such as the rocker shaft illustrated, a 
small roller bearing supplements the 
plain bearing. On shafts of smaller 
diameter, Crompton & Knowles some- 
times specifies bronze bearings, which 
are easily replaceable. Oilless bearings, 
of solid wood or wood plug construction, 
are also specified for a few shafts. 





Crankshaft 
bearing 





Bottom shaft 
bearing 






bearing 
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Centrifugal Castings and Welding 





Welded steel base plates in Allis-Chalmers Type S centrif- 
ugal pumps have replaced castings with about 25 percent 
reduction in stock. With welding the pads for pump and 
motor can be placed to suit size of units thus making one 
base suitable for a variety of pump sizes. About 3¢ in. plate 
is used making for light construction. Drip ledge is rolled 
and base made up in sections indicated by dotted line. Four 
corner pieces are welded in after ends have been welded to 
main plate. Cross members are welded inside the formed 
base to give added rigidity. At right is shown type of bracing 
and plate used with larger pump and motor, indicates possi- 
bilities of welded construction for unusual combinations 
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Machining time on these Type S centrifugal pump parts 
was reduced in direct proportion to the improvement in 
casting tolerances by changing from sand castings to cen- 
trifugal castings. Shaft sleeves, impeller wear rings, bushings 
| and shaft sleeve nuts of aluminum bronze are now produced 
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by a method developed by the company to Ye in. tolerance or 
less. In addition to the reduction in machining costs it was 
found that the material was more uniform, Brinnel hardness 
was increased from 86 to 105 with improvement in tensile 
and elongation properties. 
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MODERN DESIGNS = Westinghouse Redesign 


см? 


ә 


Former design used 
separate unite 


In the old design oí mechanism used 
to operate the circuit breaker in dis- 
tribution transformers, the mechanism 
consisted of a die-cast aluminum quad- 
rant, detail design of which is shown 
above, together with various brass parts. 
This device is used in conjunction with 
a signal light, which formerly called 
for a number of aluminum die-cast parts 


) "10.002. 
0.376 - 0000 









and other pieces. The redesign of these 
two units combined them into one piece 
of equipment. The new design is better 
in appearance, reduces the space re- 
quired on the tank walls, and assures 
the two elements being close together. 
Also, the new design has fewer parts, 
costs less to make, has better threads 
and, because they are made of brass, 
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New design has 
units combined 





the material is somewhat more readily 
obtainable. The threads in the former 
aluminum die-castings were relatively 
poor as compared to the threads in the 
stronger and harder brass. Finally, 
appearance is further improved by hav. 
ing all of the parts on the outside wall 
of the tank made of the same material, 
namely. brass. 





Flanges used for mounting porcelain 
bushings on the tank wall of distribu- 
tion transformers were formerly of die 
cast aluminum. There is appreciable 
stress in the flange when the flange 
screws are tightened against the tank 
wall. Aluminum has relatively low ulti- 
mate strength and elastic modulus and 
the die-castings were liable to be porous. 
The new design of flange is a steel 
stamping, considerably stronger and 
stiffer than aluminum and which, inci- 
dentally, avoids the stringent priorities 
restrictions now in effect on aluminum. 
The old design of bushing flange is 
shown on the left and the new pressed 
steel design on the right of accompany- 
ing illustration. 
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BESSEMER STEELS 


Bessemer steel, now greatly improved in properties and uniformity, is in some ways superior to open 
hearth steel. It was more available than open hearth on July 15 when only 75 percent of bessemer capac- 
ity (8 percent total steel production) was operating. Tables by courtesy of C. C. Henning, Jones and 


Laughlin Steel Corp. Table IV based on curves by L. D. Woodworth, Carnegie-Illinois Steel Corp. 


Table I—Qualities in Which Bessemer Steel Excels 








Machinability Stiffness Weldability Sensitivity 
Percent Percent Percent Percent 
КАЛИ зау OSO 100 100 100 100 
Open DOE, 26 ced 15 85 90 80 
et ee Commercial Deflection Hot welding. Marked change 
machining tests mainly lap in physical 
tests and buttweld properties by 
pipe cold working 
MACHINABILITY COMPARISON Greatest use for bessemer steel has been for 
Rating screw machine steel, but it is now finding increas- 
Bessemer screw (high sulphur) ..................- eee enn 120% ing use for structural purposes. Examples include 
Bessemer screw (S.A.E. 1112)......... еза дый се کی‎ 100% railroad car sheathing, hot pressings, corner 
Open hearth manganese screw UAM NIS A ea veces ve 85% bands, door panels, and flat gussets. Its resistance 
Eua мано сого (SLAB, LIDS) E 10% афу о мыйды дыр 
0.15 to 0.25 carbon open hearth low sulphur (S.A.E. 1020) .. 10% to distortion makes it especially suitable Jor can 
0.10 to 0.20 carbon open hearth low sulphur (S.A.E. 1015).. 40% bodies. Much wire is made of bessemer steel. 


FATIGUE AND CREEP —The ratio of fatigue strength to elastic limit is approximately the same as for open hearth 
steel. Creep strength at normal temperatures is also about the same and allowable stress can be selected in 
the same manner as for open hearth. Lower fatigue life, however, disqualifies it for highly stressed parts. 


WEAR AND CORROSION —Bessemer has good wear resistance for applications such as shaft journals. Copper-bear- 
ing bessemer steel resists atmospheric corrosion as well as open hearth copper-bearing steels. 


METALLURGICAL QUALITY—Fine grain and fair resistance to grain growth characterize bessemer steel although grain 
size varies considerably. Bessemer steels are not heat-treated to the same extent as open hearth steels, except 
possibly screw steel, which is carburized and heat-treated in the manufacture of many small parts. In spite 





of its usual abnormality in grain size and high sulphur content, heat-treated bessemer makes an acceptable 


1 grade for use when extreme ductility of core is not essential. 

1 

1 STIFFNESS —In resistance to deflection, bessemer screw steel is stiffer than 0.40 to 0.50 percent carbon open hearth 
steels, the stiffness being further increased by cold working. Elastic modulus of bessemer is approximately 
е 1 percent greater than that of open hearth steel of the same carbon content. Greater stiffness makes it harder 
k to bend cold. It is likely to crack on cold bending and is also hot short at certain temperatures. 

i- 

d 

s. SHOCK LOADS—Bessemer steel is not generally used for load carrying members, especially those subjected to shock 
: or impact. Its work hardening characteristics, relatively low fatigue strength, and greater stiffness tend to 
гі make it unsuited for such service. 

es 

m. ; 

is ULTIMATE STRENGTH VS. CARBON CONTENT. Bessemer steel having the same carbon content as open hearth 
ed averages 15,000 Ib. per sq. in. greater tensile strength. Conversely, for the same tensile strength bessemer steel 
уу: requires 0.14 percent less carbon than open hearth steel. Thermal aging and increase in nitrogen content 


raise ultimate strength. 
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Table II—Bessemer Chemical Specifications 





Percentages 


Carbon 


0.08 to 0.16 
0.08 to 0.16 
0.25 to 0.35 


Screw steel (standard grade)......... 
Screw steel (high sulphur grade)... 
Screw steel (high carbon grade)....... 


Phosphorus 


Manganese Sulphur 
0.60 to 0.90 0.09 to 0.03 0.100 to 0.180 
0.60 to 0.90 0.09 to 0.13 0.200 to 0.300 


0.60 to 0.90 0.09 to 0.13 0.100 to 0.180 


н елын еее над 0.08 тах. 0.30 10 0.60 0.11 тах. 0.08 max. 
Bars, track spikes, sheet and tin plate.. 0.10 max. 0.30 to 0.50 0.11 max. 0.07 max. 
BEEN оаа ое ББ 0.12 тах. 0.60 тах. 0.11 тах. 0.08 max. 
BEES M VLL o eS SL ewe 0.10 to 0.20 0.70 max. 0.11 max. 0.08 max. 
Bsiuforcing bars.................... 0.15 to 0.35 0.70 max. 0.11 max. 0.08 max. 
l1. 7 10 T" OA 0.07 to 0.12 0.30 to 0.60 0.11 max. 0.08 max. 
Structural medium.................. 0.25 to 0.35 0.30 to 0.60 0.11 max. 0.08 max. 
Structural high tensile............... 0.35 to 0.45 0.30 to 0.60 0.11 max. 0.08 max. 


Nore: Nitrogen is also believed to be significant in differentiating bessemer from open hearth steel. 





WELDING QUALITY —Fusion and resistance welding qualities of bessemer steel are about the equal of open hearth. 


In certain tests involving over 300,000 tubes, failures of open hearth steel tubes were double those of bessemer 


tube failures. However, bessemer is extremely difficult to forge weld. 


COLD FORMING — Bessemer steel cannot be cold formed. This type of steel cold works rapidly and will crack at 


the corners even when merely bending it to form angles. Bessemer should always be formed hot. Table V 
indicates that cold drawing the hot-rolled material increases the yield point of bessemer 75 percent and open 
hearth only 62 percent. Likewise it increases the tensile strength of bessemer 36 percent for bessemer and 
20 percent for open hearth. Changes in elongation are nearly the same but cold working changed the reduc- 


tion in area of bessemer 18 percent as compared with 8 percent for open hearth. 


Table III—Physical Properties of Cold Worked Bessemer Screw Steel 





Size Cold Work Yield Point 
In. Hex. Percent Lb. per sq. in. 
M vs E None 15,000 
IER sees 12.4 86,170 
DEN vais 23.6 96,120 


Reduction 
Percent 


Elongation 
Percent in 2 in. 


Tensile Strength 
Lb. per sq. in. 


65,740 28.2 60.6 
91,200 18.0 56.0 
102,400 12.0 13.0 





Table IV—Comparison of Bessemer and Open 
Hearth Steels of Equal Ultimate Strength 


Average phosphorus content: Bessemer—0.090% ; 
Open Hearth—0.013% 





| | 


Ultimate | Yield 














| 
: | Elongation | 
Strength с Point n1 Izod 
© 
Lb. per Steel Lb. per Е Impact 
Sq. in. sq. in. Ft. lb. 
50,000 Bessemer 10.0 
Open Hearth | | 34.7 
60.000. .... Bessemer 11,000 31.0 66 
Open Hearth 3 ,000 31.0 7 
10,000..... Bessemer | 48,000 | 28.5 40 
Open Hearth | 43,000 | 26.5 54 
80,000. .... Bessemer | 52,000 | 23.0 | 25 


Open Hearth | 47,000 | 223.5 | 40 
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Table V—Effect of Cold Work on Bessemer and 
Open Hearth Steel 





Bessemer Steel Open Hearth Steel 


Hot Cold Hot 
Rolled Drawn Rolled 





— 


Cold 
Drawn 
Yield point, Ib. per 


BN кеб 42,780 75,040 39,040 63,220 
Tensile strength, 

lb. per sq.in.... 64,900 88,170 65,000 77,880 
Elongation, per- 

cent in 2 in..... 38.0 19.5 36.5 19.0 
Reduction, percent 65.2 53.8 61.8 51.0 





While tensile strength is about the same after hot rolling, cold 
drawing increases the yield point of bessemer steel about 19 
percent and the tensile strength 13 percent more than was 
accomplished on open hearth steel. When this sharp reaction 
to cold work is not desired it is possible to modify this 
characteristic by special deoxidation, as is done with open 
hearth steel. 
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PHYSICAL PROPERTIES OF BESSEMER STEELS 


Test data given here are based on l-in. diameter specimens 


in as-rolled condition without any form of heat treatment. Values should not be applied arbitrarily to a 
wide range of sizes because many variables such as size and processing during fabrication of finished 
materials affect test results. Elastic modulus of all grades ranges from 28,000,000 to 30,000,000. Tension 
test results are given as lb. per sq. in. cross sectional area. Breaking loads are not given. 


BESSEMER SCREW STEEL 
C. 0.08-0.16, Mn. 0.60-0.090, 
C. 0.08-0.16, Mn. 0.60-0.90, 


P. 0.09-0.13, 
P. 0.09-0.13, 


S. 0.10-0.20 
S. 0.20-0.30 
Approximate Physical Properties 

Hot Rolled Cold Drawn 
Tensile Strength, lb. per sq. in. 60,000 to 75,000 80,000 to 105,000 


Yield Point, lb. per sq. in... 0.5 TS 70,000 to 90,000 
Elongation (percent)........ 25 min. 14 min. 
Reduction (percent)........ 15 min. 35 min. 
EE UI V SÉ Lue Ya 116 to 149 159 to 207 
Ind QU. D; mis)... Ne —— veuve 


BESSEMER SCREW STEEL, HIGH CARBON 

C. 0.25-0.35, Mn. 0.60-0.90, P. 0.09-0.13, S. 0.10-0.18 
Bars in this grade are marketed on the basis of chemical limits 
alone. 


BESSEMER SKELP 

Physical tests rarely are made on bessemer skelp which is 
used for making furnace-welded pipe and welded couplings. In 
general, properties of skelp correspond to those for soft structural 
steel. 


BESSEMER STEEL HOT-ROLLED MERCHANT BARS 
AND TRACK SPIKES 


3. 0.10 max. Mn. 0.30-0.50, P. 0.11 max., S. 0.07 max. 


Approximate Physical Properties 
Bars Spikes 
Tensile Strength, lb. per sq. in. 55,000 to 70,000 60,000 to 75,000 


Yield Point. lb. per sq. in.... 0.5 TS 0.5 TS 

Elongation (percent)......... 21 min. 25 min. 
Reduction (percent)......... 50 min. 45 min. 
EE d id Bd ex hale’ 109 to 137 116 to 149 
КОО ПЕ Лр. тон): о... 35 30 


BESSEMER WIRE 

Many variables make it impracticable to give general physical 
properties for this product. Wire, either bessemer or basic, 
usually is made under varying mill conditions to yield physical 
properties that are appropriate for the work to be performed by 
the consumer. The physical properties are affected appreciably 
by the size of the wire, the amount of cold working it receives 
and any heat treatment which may be required. 


BESSEMER REINFORCING BARS 
C. 0.15-0.35, Mn. 0.80 max., P. 0.11 max., $. 0.08 тах 


Approximate Physical Properties 








GRADE 
Structural Intermediate Hard 
С.0.07—.15 С.0.15—.30 С.0.20—.35 
Tensile Strength, 
Ib. per sq. in... 55,000 to 75,000 70,000 to 90,000 80,000 min. 
Yield Point, lb. 
per sq. in., .... 33,000 40,000 50,000 min. 
Elongation (%). . 18 min. 14 min. 10 min. 
BESSEMER STRUCTURAL STEEL, SOFT 
C. 0.07-.12, Mn. 0.30-.60, P. 0.11 max., S. 0.08 max. 


Approximate Physical Properties 
Tensile Strength, lb. per sq. in............... 60,000 to 75,000 


ТАМ РАШ hs TP OUR A ee er e rr rex ns 0.5 TS 

нее, 25 min.‏ ا 
Reduction (peremt)......................-.. 50 min.‏ 
АЛАШ Убал a a a a a 116 to 149‏ 
КИЕБИ RGA Ge DIR Aa 30‏ 


BESSEMER STRUCTURAL STEEL, MEDIUM 


C. 0.25—.35, Mn. 0.30—.60, P. 0.11 max., S. 0.08 max. 


Approximate Physical Properties 
Tensile Strength, lb. per sq. in............... 75,000 to 95,000 


bi: 2. i 5. 1.5 MEINEM 0.5 TS 
ا‎ ......... ET 12 min. 
Ведиосіоп (регсепї)........................ 40 тіп. 
И Л ан ы ЬМ 149 їо 192 
BESSEMER STRUCTURAL STEEL, HIGH TENSILE 

C. 0.35-.45, Mn. 0.30-.60, P. 0.11 max., S. 0.08 max. 

Approximate Physical Properties 

Tensile Strength, lb. per sq. in.............. 80,000 to 110,000 
ЖИ КОШ, ИИВ сеен 45,000 тїп. 
ЛАЛА АЛАШ с.с ce olde rna: 10 тїп. 
ТАЛЛА l5. iss! IPERRER EE TI ER EO t C EE UE 35 min. 


FEMME энә» жидек актын rent E HERES VI 159 to 223 


BESSEMER PROCESS IMPROVEMENTS —Modernization of bessemer steel quality has been in progress for several years 
and various investigational efforts have resulted in considerable improvement in the product. The improve- 
ment has been accomplished mainly by refinements in the control of the steel-making method and not solely 
by the adjustment in analysis. Practices better designed to minimize the amount of inclusions that are 


detrimental to machinability have resulted. 


However, during the past several years the average machinability of bessemer screw steel grades has been 
improved upward of 15 percent and the uninformity of machining qualities from blow to blow has been 
greatly improved. Regulation of the predetermined ranges of physical properties has been improved more 
by a new automatic photocell method of control than by any advance in bessemer metallurgy in its his- 


tory, according to one authority still further improvements in machinability are expected. 


A number of «attempts have been made to improve bessemer steel through adjustment in analysis, par- 
ticularly directed toward the reduction of phosphorus. However, there is some uncertainty regarding the 
importance of the presence of this and other elements, as evidenced by the fact that open hearth steel rephos- 
phorized to the same analysis as bessemer does not have bessemer characteristics. Oxidation in the bessemer 
process may be the source of quality difference and nitrogen may be the most significant element. Investi- 
gation in this direction has not been as satisfactory as those directed toward closer control of the process. 
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ALTERNATE STEELS 


CONFRONTING THE ENGINEER in the problem of choosing one 
steel to take the place of another is the knowledge that 
minor changes in chemical combinations may cause major 
changes in one or more physica! properties. Steels with 
identical tensile properties do not necessarily have the same 
impact, distortion or hardenability characteristics. The dif- 
ferences in specific properties of the steel customarily used 
and the alternate steel selected will determine the extent 
of compromise necessary in the design and the method of 
producing the part. For many applications an alternate steel 
can be found that is as satisfactory as the steel which has 
been replaced. 

For some parts of large section in which mass properties 
are a consideration, the effect of nickel may be difficult to 
duplicate satisfactorily, so that when alternates are used 
the part will have to be radically redesigned to suit the 
properties of the steel that has been selected. 

Properties which are imparted to steel by heat-treatment 
effects produced in operations such as torch-cutting, or hot 
forming and drawing. should be studied thoroughly to 
determine what changes in heat-treating methods would be 
necessary to adapt the alternate material for production 
operations. Other factors that should be analyzed carefully 
are decarburization, distortion, fatigue properties, impact 
characteristics and temperature requirements in service. 

The tables and charts presented on these pages deal only 
with constructional steels that contain not more than 1.50 
percent of chromium, 5.25 percent of nickel, 0.75 percent 
of molybdenum, 2.00 percent of manganese, 2.00 percent of 


silicon, and 0.20 percent of vanadium. The data have been 
compiled from the publication, “Possible Substitutes {or 
Nickel Steels,” issued by the American Iron and Steels Insti. 
tute. The values given for the various steels listed in the 
charts are representative of typical physical properties ob. 
tained from samples of one inch diameter except where 
otherwise noted, These values should not be used to set 
specification limits, since new data are constantly being 
assembled and as new experience is gained the published 
data may have to be modified. 


Possible Alternates for Nickel Steels 





In Current Use Possible Alternate 


Nickel steel series Standard steel series 


designation designation 
2300 4600, 3100, 4000, 4100, 6100 
2500 3300, 4800, 4300, *4300 
3000 1000, 4100, 5100, 6100 
3100 1000, 4100, 5100, 6100 
3200 3100, 4000, 4100, *4100, 6100 
3300 *4300 
3400 *4300 
1300 No alternate suggested 
1600 3100, 4000, 4100, *4100, 6100 
1800 1300, *4300 


* These steels contain a higher molybdenum content than the 
regular 4300 and 4100 series. They are still in the development 
stage, but research work is being done to study further their 
possible application. 


Comparative Physical Properties of 0.40/0.50 C. Grades 


Oil quenched from the optimum temperature for each grade 
All impact values given for room temperature 





Specimens | in. dia. 
Drawn to 300 B.H.N. approx. 


Specimens 1 in. dia. 
Drawn to 400 B.H.N. approx. 


Tension specimens 0.505 in. dia. 
Impact specimens 0.394 in. dia. 
Fully quenched, drawn at 400 deg. F. 

to 500/550 B.H.N. 


Grade — ——— pue - 
Sig- на . - p Ы - | | че * in | 
-— l'ensile Yield Red Tensile Yield Red Tensile Y ield Red 
Strength | Point A = Izod Strength | Point aen Izod | Strength Point Boon Izod 
1,000 1,000 - а Impact 1.000 1,000 Mah Impact 1,000 1,000 | oa | Impact 
lb. per | lb. per КЕ ft. Ib. lb. per | Ib. per F ft. Ib. || Ib. per lb. per p | ft. Ib. 
mee. 22:3 cent n г сеп! эб. | x | cent | 
sq. in. sq. in. sq. in. sq. in. sq. in. sq. in. | 
2345 140 130 | 58 10 191 180 | 48 | 18 267 20 | 32 | Е 
Х-3140 144 120 | 57 | 50 206 180 | 16 18 | | 
| | | | | 
3145 150 | 130 55 16 208 | 180 | 44 12 260 220 | 24 | 9 
3240 144 | 122 51 | 57 200 176 17 2 275 240 37 11 
3340 150 | 130 51 50 218 188 | 47 | 15 | | | 
1065 194 175 | 38 | 274 | 238 | 24 | 
4140 155 | 128 | 59 55 215 з | 5 | 12 | | eg 
1145 | | 25 | 235 | 234 | 7 
| 
1340 148 130 60 12 206 185 | 52 1 | 
1640 125 56 › 195 177 50 22 | | 
1645 | 270 230 38 15 
5150 150 136 58 55 200 145 50 | 17 
6140 144 135 51 (2 194 185 52 18 | 
6145 275 235 | 23 | 8 
| | ! 
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GILDING METAL PROPERTIES 


GILDING METAL is an alloy of copper 
and zinc containing 95 percent copper. 
It should not be confused with the gild- 
ing metal mentioned in government 
specifications and known commercially 
to the brass trade as “commercial 
bronze," which contains 90 percent cop- 
per, and 10 percent zinc. 

The charts show mechanical proper- 
ties of gilding metal as influenced by 
cold working and annealing treatments. 
In both processes the properties are 
given for two “ready-to-finish” grain 
sizes, 0.015 and 0.070 mm., which repre- 
sent limits commonly encountered in 
commercial annealing of this alloy. The 
anneal before final cold working is 
called *ready-to-finish anneal" and the 
grain or crystal size produced in this 
anneal is called “ready-to-finish grain 
size." 

The mechanical properties of gilding 
metal are markedly influenced by the 
ready-to-finish grain size. This is 
especially true for the cold worked 
series shown by Figs. 1-4. When the 


1,000 Lb. per Sq. In. 





Numbers Hard 


Ready to Finish Grain 
— = 0.015 mm. 





R. A. WILKINS and E. S. BUNN 
Revere Copper and Brass Incorporated 


cold work is followed by a final anneal, 
as shown in Figs. 5-9, the influence of 
the ready-to-finish grain size is less 
marked but nevertheless as important. 

The amount of cold work performed 
is commonly indicated by B. & S. num- 
bers hard. All brass sheet and strip 
thicknesses are based on Brown and 
Sharpe Gauge units. If a piece of brass 
is cold rolled from 12 B. & S. gauge to 
13 B. & S. gauge it is said to be 1-num- 
ber hard, of from 12 to 16 B. & S. gauge 
—4-numbers hard. The relation between 
numbers hard, percentage reduction of 
area by cold working and commercial 
temper designations is given in the fol- 
lowing table. 


Commercial Temper Percent 

Cold Rolled Numbers Reduction 
Sheet and Strip Hard of Area 
Quarter Hard....... : 10.9 
NUM BEd.......... 20.7 
Three Quarter Hard з 29.4 
eee 4 37.1 
Extra Hard......... 6 50.0 
КАМЫ оза асн 8 60.5 
Extra Spring........ 10 68.7 


120 


100 


F"60 Kg.Load- B" 100 Kg.Load 


“ 


Ball 


1" 
© 


Rockwell Hardness- 


8 10 0 


A different range of properties is of 
course established for each number of 
hardness, as shown in Fig. 1-4. This 
range is typical of commercial produc- 
tion and as such is recognized in com- 
mercial specifications. Control of the 
ready-to-finish grain size is, therefore, 
essential. Fig. 1 shows that material hav. 
ing a ready-to-finish grain size of 0.015 
mm. and cold worked 3-numbers has the 
same tensile strength as material with 
a ready-to-finish grain size of 0.070 
mm. cold worked 5-numbers hard. 

The influence of ready-to-finish grain 
size on the properties of the material at 
various temperatures of final anneal 
following cold work to 6-numbers hard 
(5095 reduction), is shown in Figs. 5-9. 
Material having a ready-to-finish grain 
size of 0.070 mm. has consistently lower 
mechanical properties for all final 
annealing temperatures than material 
having a ready-to-finish grain size of 
0.015 mm. Grain growth takes place 
more rapidly in the material having the 
larger ready-to-finish grain size. 








= | [NNI Elongation 


Ready to Finish Grain Size | А 
— 00/5 mm. 
—— 0,070 mm. 








95 in 2 In. 


percent in 2in. 


Numbers Hard 


Fig. 1—Effect of cold working on the tensile strength and 
apparent elastic limit of gilding metal. The space between the 
solid and dash lines indicates the influence of ready-to-finish 
grain size on the physical properties 
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Fig. 2—Effect of cold working on the hardness and percentage 
elongation in two inches of gilding metal. Ready-to-finish grain 
size determines the position of a curve between the solid and 
dash lines for limiting ready-to-finish grain sizes 
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0 2 4 6 8 10 
Numbers Hard 
Fig. 3—Effect of cold work on the yield strength of gilding 
metal having a ready-to-finish grain size of 0.015 mm. The 
influence of ready-to-finish grain size on yield strength for 
a given amount of cold work can be compared in Figs. 3 and 4 


Guilding Metal 
CU-94.59 % 
Zn-Bal. 
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—— (0070 mm. 
C.R. 6-No. hard 


600 800 1,000 1200 
Annealing Temp. in Deg.F. 


lig. 5—Effect of a final anneal after cold rolling to 6-numbers 
hard (50 percent reduction). Space between the solid and dash 
curves still shows the influence of ready-to-finish grain size. 
The greatest change in physical properties takes place between 
600 and 800 deg. F. 
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Numbers Hard 


Fig. 4—Effect of cold work on the yield strength of gilding 
metal having a ready-to-finish grain size of 0.070 mm. The 
influence of ready-to-finish grain size on yield strength for a 
given amount of cold work can be compared in Figs. 3 and 4 


má to Finish 6rain Size 
—=— 0015 тт. 
— 0070 mm. 
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0.000 
900 1000 1,100 1200 1,500 


Annealing Temp. in Deg.F. 


Fig. 6—Effect of ready-to-finish grain size on grain growth dur- 
ing the final anneal, which followed cold rolling to 6-numbers 
hard, is evident by the spread of the two curves. No recrys- 
tallization takes place below 700 deg. F. Up to 900 deg. F. 
grain growth is too slow for satisfactory measurement 
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C.R. 400 600 800 1000 1,200 
Annealing Temp. in Deg. F. 
Fig. 7—Effect of change in annealing temperature (one hour 


at temperature) on hardness and percentage elongation on 
materials of two ready-to-finish grain sizes at the common 
limits of size, after cold work to 6-numbers hard 


Previous History 
Ready to Finish Grain Size 0.070mm. 
Cold Rolled 6Band S Numbers Hard 


0.10 percent yield 
strength (off-set) 
(2) 0.20 perent yield 
strength (off-set) 
0.50 percent yield 
strength (extension 
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400 600 800 1,000 1,200 
Annealing Temp. in Deg.F. 


Fig. 9—Effect of annealing on the yield strength of two gilding 
metals of limiting grain size after cold work to 6-numbers hard 
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1,000 Lb. per Sq. In., Yield Strength 


1,400 


Previous History 
Ready to Finish Grain Size-00l5mm 


gu 


0.10 percent yield 
strength (off-set)- 


(2) 020 percent yield 
strength (off-set) 


(3) 0.50 percent yield 
strength (extension) 




















400 600 800 1000 1,200 1,400 
Annealing Temp. in Deg.F. 


Fig. 8—Effect of annealing on yield strength of gilding metals 
of limiting grain size after cold work to 6-numbers hard. The 
influence of ready-to-finish grain size for a given annealing 
temperature can be compared in Figs. 8 and 9 
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30 40 50 60 70 80 90 100 1 
5 25 40 58 76 
65 68 74 80 85 (3) 
19 31 45 55 67 (4 


| Rockwell hardness "F^(W6"ball 60 kg. load) 
2 е : % af " 100 " ) 
Ж "o "5T v 15 *) 
4 " "OUT "30 ") 


Fig. 10—This chart can be employed to determine the ap. 
proximate tensile strength and percentage elongation of gilding 
metal when only Rockwell hardness is known. It is accurate 
for all thicknesses between 0.020 and 0.080 in. within the 
given limits. For example, when Rockwell hardness “В” із 4l, 
the chart indicates a tensile strength of approximately 41,000 
lb. per sq. in. and an elongation of approximately 25 percent 
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PHENOLIC RESIN COATINGS 


Resinous coatings, which when baked are phenol-formaldehyde reaction plastic products of the ther- 


mo-setting type, because of their corrosion preventive properties make possible the use of coated parts made 


of steel or other materials to replace many of the critical materials in the corrosion-proof groups. In the 


viscous liquid condition as applied to the surface to be protected against corrosion, these coatings are 


solutions of phenolic resinoids. Application of heat causes the coating to harden by polymerization. When 


partially baked the coating is an insoluble elastic semi-solid. In this state another layer of liquid coating 


can be applied, after which another partial baking will fuse the layers together. After a thorough bak- 


ing the resulting coating is a hard tough, permanent!y infusible and insoluble solid. 


METHODS OF APPLYING COATING 


(1) Heat should not be applied during coating operation. Method of applying coating will depend on factors 
such as quantity in production, size and shape of parts, and thickness of coat or extent of impregnation desired. 


(2) Dipping Process may be done by hand or by mechanical device; parts that have no reentrant cavities or 


pockets which could entrap air can be dipped by machine. 


(3) Spraying Process may be employed on parts that are too large to handle economically in a dip tank. 


(4) Brushing Process should be used on pieces that have large flat surfaces. When brushing the coating should 
be applied rapidly, otherwise it may drag or become tacky. Coats should be drawn out well, with special attention 
to working the coating into all seams and crevices, and also to covering edges. 


PROPERTIES OF BAKED COATING 


(a) Hard, continuous, uniform composition 

(b) Does not melt at any temperature 

(c) Will not char at temperatures below 300 deg. F. 

(d) Non-Hygroscopic, is unaffected by extremes of climate, 
temperature or humidity 

(e) Does not deteriorate, is relatively unaffected by water, 
alcohol, acetone, benzine, common solvents, oils, greases, 
organic acids, dilute mineral acids, and common soap lubricants 
(f) High mechanical bonding strength 

(g) Good electrical insulator 


Accelerated Tests on Phenol Coatings 








Percent Time Tempera- 
Corrosive Agent Concen- in ture in Effect 

tration days deg. F. 
Acetic acid............. 5 1 210 Breakdown of coating 
Carbon tetrachloride... . . 100 8 170 None 
Chromium plating bath. . 2 180 Breakdown of coating 
Hydrochloric acid. ...... 10 8 214 None 
Lactic acid... ... aa oe 25 15 220 Slight color change 
Sodium cyanide....... 10 1 210 Breakdown of coating 
Sodium formate......... 10 12 220 Change in color 
Кк асі. ............ 100 11 183 None 
Sulphuric acid. ......... 10 22 214 None 
Sulphuric acid. ......... 10 1 227 None 
Sulphurous acid......... 10 30 100 Breakdown of coating 
White distilled vinegar... n 3 214 Breakdown of coating 
Witch hazel............. 100 5 206 None 
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PREPARATION OF SURFACE FOR 
COATING 

Surface should be dry and free from grease. 
rust and scale. Sandblasting or washing 
with grease remover is recommended. 
Rough or sharp edges should be smoothed 
or rounded off in order to secure good 
coverage at these areas. 


DRYING OPERATION 


After parts are dipped, sprayed or brushed. 
they should before final baking be placed 
or conveyed through a dryer oven to dispel 
solvents in the viscous coating. The drying 
operation prebakes the coating and partially 
polymerizes the resin. This initial baking 
requires about 15 min. at a temperature of 
176 deg. F. for small work. 


BAKING OPERATION 


To completely polymerize the resinoid ma- 
terial in the coating the final coat is baked 
at higher temperatures. Satisfactory results 
are not likely to be obtained below 230 dez. 
F. For small work that can be placed in an 
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oven, baking at 248 deg. F. for 3 hrs., o: 
300 deg. F. for 1 hr. is usually required. 
Structures which are too large to place in 
an oven are baked by processes that employ 
portable equipment which can be moved to 
the job: this apparatus when set up pro- 
vides a circulating blast of hot air to bake 
the coating. When the coating is to be 
applied to apparatus which is ordinarily 
operated at high temperatures, it is fre- 
quently possible to secure the baking effect 
by an application of heat in the vessel itself. 


APPLICATIONS FOR 
HEAT-HARDENED COATINGS 





Iron and steel parts wherever resistance to 
chemical reactions are required 

Rayon and textile machine parts 

Aluminum spools exposed to alkaline solu- 
tions 

Textile spinning spools and paper-wound tubes 

Centrifugal pump impellers to resist sulphuric 
acid 

Builders hardware 

Motor frames 

Filter press linings 

Flue liners in duct systems 

Fume hoods 

Fans, blowers and their housings 

Battery cases 

Heat exchangers 

Steam jacketed kettles 

Water softening tanks 

Immersion heaters 

Gas meters 

Processing equipment subjected to the action 
of chemicals 

Storage tanks 

Shipping containers 

Impregnating electro-magnet coils on electric 
chucks used on grinding machines to 
withstand the action of water, soap lubri- 
cants and other compounds 

To seal joints on gasoline pumps 

Coating for carburetor cork floats 

Bonding agent for wood veneers and plywoods 

Coating for wire trays 

Pipe lines 

Wooden fume stacks used in the phosphoric 
acid industry 

Insulating bond and protective coating for 
coils, armatures and windings 

Impregnating asbestos commutator rings, also 
for impregnating asbestos separating 
sheets between primary and secondary 
coils 

Coating on horn fiber parts used in construc- 
tion of cutouts 
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Resistance of Phenol-Formaldehyde Plastic Coatings to 








Corrosion 
Percent Time in 
Corrosive Agent Concentration months Тес! 

Brine with 1% H.SO,........ ee 24 None 
Chromic acid. .............. 25 16 None 
Hydrochloric acid........... 25 36 Change in color 
оь аи 10 36 Change in color 
NENNEN LL Les seven rns 30 6 Breakdown of coating 
Phosphoric acid............. 100 29 Change in color 
Sulphuric acid.............. 10 36 None 
Sulphuric acid.............. 50 36 Change in color 
Sulphurous acid............. 15 20 None 
нке ева 100 36 Slight color change 
ПИРИ е 5 18 Хопе 
Tannic acid in alcohol....... 5 18 Slight color change 
Carbon tetrachloride.......... 100 36 None 
ESSE... IL Leer nnn 20 35 None 
Ethyl alcohol.............. 100 36 None 
Formaldehyde.............. 100 36 None 
К енне зева 15 21 Slight color change 
Gasoline standard. .......... р 33 None 
КАЛАШ АЛМ. . . .............. 100 30 Slight color change 
Methyl alcohol.............. 100 11 Change in color 
САМ АНН. ................ 8 18 Breakdown of coating 
Carbolic acid. .............. 25 32 Change in color 
Ammonium chloride. . . 50 21 None 
Ammonium fluoride acid. ..... 60 36 Slight color change 
Ammonium fluoride neutral.... 60 36 Slight color change 
Ammonium hydroxide. ...... 2s 6 Breakdown of coating 
Ferric chloride. ............. 10 12 Slight color change 
Ferrous chloride.............. 60 18 Change in color 
Hypochlorites................ 3 13 Breakdown of coating 
Sodium chloride... ... 50 34 Change in color 
Sodium hydroxide. . .... 2 2 Breakdown of coating 
Aluminum sulphate.......... 22 8 None 
Ammonium alum........... 50 21 None 
Ammonium sulphate... Saturated 

solution 18 None 
ee 50 21 None 
Calcium chloride. ........... 5 19 None 
Collodion salts........... 2 Breakdown of coating 
Distilled water.............. 30 None 
Hydrogen peroxide.......... eet 18 None 
Magnesium carbonate........ 100 35 Slight color change 
Magnesium hydroxide....... 23 35 Slight color change 
Phosphorous trichloride. .... . 100 2 Change in color 
Potassium alum............. 50 21 None 
Potassium dichromate......... 5 35 None 
Sodium bicarbonate......... 34 35 Change in color 
Sodium bisulphate........... 29 36 None 
Sodium chlorate............. 13 25 Change in color 
Sodium cyanide............ 10 15 Change in color 
Sodium fluoride... . . РЕЯ 5 35 Change in color 
Sodium hyposulphite........ 25 35 Slight color change 
Sodium resinate............. 3315 * 21 None 
Sodium sulphite............. 50 34 None 
Sodium thiosulphate. . . 50 16 Change in color 
BEEN eese oret» 50 21 None 
ДИЮ ФЕБ. .............. ER 32 None 
Cotton seed oil..... ps ves 100 35 None 
Нь зок 100 36 Хопе 
Kerosene.......... "E 100 35 None 
Malic acid..... 50 28 None 
Napthenac acid..... 100 21 None 
Oleic acid. .... 100 5 None 
КАШЛЛИШ.....,. oad 100 35 None 
NN з +» «>» кёбле RR en 100 36 None 


سے 


»+ نپ یی ی ف ي ا 
Data derived by Lithgow Corporation from tests on Lithcoted mild stee‏ 
strips suspended in the various solutions at room temperature.‏ 
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ALTHOUGH METAL SPRAYING with wire- 
guns for protecting metals with a thin 
coating of another metal or alloy has 
been available for some years, it was not 
until the powder spraying technique 
was recently introduced to this country 
by Schori Process Corporation that 
coatings of non-alloyable metals, mix- 
tures of metals and non-metals, plastics, 
hard rubber, and even glass could be 
sprayed on metal, glass, plastics, wood, 
textiles and even paper. In the Schori 
process, finely powdered material is 
blown from an easily handled pistol 
through an oxy-acetylene or oxy-pro- 
pane flame on to the base metal. The 
resultant coating is claimed to be less 
porous, has better adhesion, and can be 
applied faster than by previous metal 
spraying methods. Also, most materials 
for spraying are more readily available 
in powdered than in wire form. 

Finely divided metal particles are 
blown onto the surface at a sintering or 
melting temperature, and apparently 
weld together with a strong mechanical 
bond between the metal coating and the 
roughened base surface. Because of the 
minute interstices between particles, a 
coating of sprayed metal built up to 
economically feasible thickness 15 
usually slightly porous. Thicker coat- 
ings can be made dense and solid. 

Thin sprayed coatings properly ap- 
plied to sheet metal stand up well under 
forming, bending, and drawing opera- 
tions, and do not chip off when pounded. 












Injector nozzle in head! 
of pisto/ creates partial vacuum 


Powder melts 
as itis blown 
through center 
of Flame 





Propane or 
acety/lene---7 





Bypass hole, when open, 
y breaks vacuum in pipe 


COATINGS OF SPRAYED 


POWDER 


Thicker coatings, however, are apt to 
flake off with mechanical abuse. 
Strength of the deposited metal film is 
good in compression, fair in tension, 
and poor in shear. It is this low shear 
strength that causes the coating to flake 
off rather easily if the mechanical bond 
between it and the base surface is 
destroyed. 


Surface Preparation 


Blast cleaning of all metallic sur- 
faces, to clean and roughen them, is 
essential. Tool roughening, wire brush- 
ing, and cyanide treatment, although 
sometimes successfully used, are not 
recommended. 

With carborundum grit, size 30 or 36 
grit is recommended. Angular steel grit, 
size 5 to 40, can also be used for clean- 
ing ferrous materials. For sandblasting, 
Joplin grit is recommended. Air pres- 
sure should be not less than 80 lb. per 
sq.in. when cleaning steel. It can be 
lower with softer materials, with 65 lb. 
per sq. in. recommended for aluminum. 

Parts which are covered with a film of 
oil should be de-greased before blast 
cleaning, either by vapor de-greasing or 
chlorinated solvent (trichlorethylene). 
Phosphate washes should not be ap- 
plied to the prepared surface. They 


leave a poorly adherent film of salt. 
No roughening of the surface is 

necessary before coating thermoplastics. 

The same is true of wood, but wood 
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Powder flows continuosly 
like sand through an 
line hour glass. Suction draws 
falling powder into hose 
to pistol when operator 
closes bypass hole in pistol 


Equipment and operation of Schori process for spraying powdered metal 
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Malleable iron pulleys for life boats are 
sprayed with a coating of zinc for corro- 
sion protection 


must be absolutely dry. Textiles to be 
coated should be dry and free from 
grease. When coating non-metals such 
as insulating materials, the surface 
should be clean and free from grease, 
and a thin coating of lead should be 
sprayed on first. 

Glass can be coated readily if it is 
sandblasted or ground. A light sand- 
blast is sufficient where the coating is to 
be very thin or translucent. In Europe 
a good bond between sprayed metal and 
glass has been obtained by chemically 
cleaning the glass—an expensive proc- 
ess—or by heating the glass to a plastic 
state while spraying on the metal. 


Spraying and Finishing 


The metal should be sprayed on the 
prepared surface as soon after blast 
cleaning as possible. This is particu- 
larly true for ferrous materials which 
should be coated not more than eight 
hours after cleaning. In damp climates 
not more than three hours should 
elapse. Longer periods might permit 
the formation of a detrimental oxide 
film. 

In coating metal surfaces, the powder 
pistol is held about 10 in. away from, 
and as nearly perpendicular to the sur- 
face as possible. Although it usually 
does not matter how hot the base metal 
becomes, some metals such as light 
gage aluminum alloy should not be 
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heated above 250 deg. F. Higher tem- 
peratures will increase susceptibility to 
inter-crystalline corrosion. 

Sprayed powdered metal coatings can 
be buffed and polished, but the opera- 
tion is expensive. Where polishing is 
required, the deposited coating should 
be made 0.012 in. thicker than required 
for the finished coating. Approximately 
five grinding and buffing steps are re- 
quired. 

Sprayed metal coatings are often fol. 
lowed by paint where greater corrosion 
resistance is desired. The matte finish 
made by the sprayed coating is an ex- 
cellent key. The surface should first be 
primed with a phenolic resin base 
primer with zinc-chromate or zinc-tetra- 
oxic-chromate pigment. The first coat of 
the primer should be diluted so as to 
flow into all the interstices between the 
minute metal particles. 


Metallic Coatings 


Zinc is perhaps the most important 
sprayed metal coating for protecting 
sheet metal, castings, forgings, and 
welded steel structures from atmos- 
pheric corrosion. It is particularly use- 
ful for patching galvanizing, and for 
zinc-coating heat-treated materials such 
as malleable iron which may warp in a 
high temperature galvanizing bath. 
Thickness of zine sprayed coafings 
should be from 0.004 to 0.006 in. to 
withstand mild corrosive atmospheric 
conditions. For medium severe atmos- 
pheric conditions, the same thickness of 
zinc coating is applied, followed by a 
zinc-chromate primer and paint. Where 
corrosive conditions are severe and the 
part is subject to some mechanical 
abuse, a coating of zinc 0.009 to 0.011 
in. thick followed by primer and paint 
should be applied. Where corrosion 
is severe and there is no mechanical 
abuse, the zinc can be applied as thick 
as is economically feasible. Coatings as 
thick as ys in. have been applied to 
shafts in service under salt water. 


ALUMINUM sprayed coatings are pri- 
marily for protecting steel and alumi- 
num alloys. On steel they are usually 
from 0.004 to 0.006 in. thick. Slightly 
thinner aluminum coatings are recom- 
mended for spraying on aluminum al- 
loys; heavier coatings may flake be- 
cause the bond between aluminum and 
the sprayed coating is not as good as 
with steel. Where corrosion conditions 
are severe, the aluminum coating can be 
followed with zinc-chromate primer and 
paint. 


Zinc-ALUMINUM. A coating of sprayed 
zinc from 0.009 to 0.011 in. thick fol- 
lowed by a coating of sprayed aluminum 
‘from 0.004 to 0.006 in. thick gives a 
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corrosion-resistant finish which is excep- 
tionally good for the service to which 
oil-tankers are subjected. Tanks 
sprayed with this double coating have 
long life although subjected to the cor- 
rosive action of salt water, fuel oil and 


gasoline. 


HEAT-TREATED ALUMINUM. A sprayed 
metal coating superior to high-chrome 
steel in heat resistance is used quite 
extensively in Europe for light burners, 
engine manifolds and parts of industrial 
furnaces. In this process a sprayed coat 
of aluminum 0.004 to 0.006 in. thick is 
covered with bitumin or sodium-sul- 
phate. The part is then heat-treated at 
1.650 deg. F. for 20 min. After treat- 
ment the surface consists of films of 
various iron-aluminum alloys and their 
oxides. The life of this coating is 
greatly diminished at temperatures ex- 
ceeding 1,750 deg. F. because of diffu- 
sion of the aluminum into the steel 
base. This method of heat-treatment is 
convenient especially for large articles 
which would be difficult to treat by the 
cementation processes in which packing 
a powder in heated drums is necessary. 


Leap coatings fall into two principal 
application classes: (1) Thick chem- 
ical-resistant coatings applied in thick- 
nesses from sz to ve in. These thick 
coatings are non-porous, but cannot 
withstand mechanical abuse and are 
used principally as a substitute for lead 
burning. (2) Of increasing commercial 
importance as an atmospheric corro- 
sion-resistant finish for steel, lead is 
sprayed to a thickness of 0.004 to 0.006 
in. This is followed by zinc-chromate 
primer and paint, and is recommended 
as a substitute for galvanizing, electro- 
plating. and aluminum coating. 

Lead or lead bearing alloy has been 
sprayed on locomotive spring leaves as a 
lubricant. The thickness of these coat- 
ing ranges from 0.009 to 0.011 in. Lead- 
antimony-silver alloy has also been 
sprayed on anodes to act as a catalytic 
agent in the electrolytic copper process. 
Another interesting application of 
sprayed lead alloy is on electrical por- 
celain to permit making solder connec- 
tions directly to the porcelain parts. 


NICKEL, CHROMIUM, STAINLESS STEEL. 
Sprayed coatings of these metals are 
not recommended for corrosion resist- 
ance, unless of adequate thickness. Thin 
coatings are porous, and these metals 
are on the wrong side of the electrolytic 
series when applied to steel. Very heavy 
coatings of nickel have successfully 
been applied for repairing nickel-clad 
chemical equipment. 


COPPER, TIN, SILVER. These materials, 
also, are unsuitable in thin coatings for 
corrosion resistance. Copper has often 


been used in various types of electrical 
Wooden boxes for radios 
have been sprayed with copper for 
shielding, and copper has been sprayed 
on rubber to prevent accumulation of 
static electricity. 


equipment. 


Organic Coatings 


Organic coatings applied by the 
Schori process are non-porous. The 
melting points of the powdered mate. 
rials are so low that the minute particles 
flow together over the heated surface. 
Non-porous coatings cannot be applied 
to materials such as paper and wood 
which cannot be heated above the melt. 
ing temperature (approx. 250 deg. F. 
for Thiokol) of the material being 
applied. 


THIOKOL. A sprayed coating of Thiokol 
ds in. thick is resistant to dilute acids 
and alkalis. Thiokol coatings become 
brittle below freezing. and become semi- 
plastic at temperatures above 140 deg. 
F. This synthetic rubber is resistant to 
petroleum and most organic solvents, 
and is particularly suitable for lining 
tanks and chemical equipment where 
the lining comes in contact with both 
acids or alkalis and petroleum or or- 
ganic solvents. Other applications are 
for abrasion resistance. The natural 
color of Thiokol is a dirty green, but it 
can be pigmented with dark colors. 


NATURAL RUBBER. Sprayed coatings of 
powdered hard vulcanized rubber will 
stand somewhat higher concentrations 
of alkalis and acids than synthetic rub- 
ber. The coating is very hard compared 
to that of Thiokol and is brittle at or 
below room temperature. Its high tem- 
perature limit is higher than that for 
Thiokol, natural rubber being suitable 
for temperatures between zero and 180 
deg. F. The temperature resistance of 
hard rubber compounds vary inversely 
with their acid resistances. 


CASHEW NUT PLASTICS. Cashew nut phe- 
nol-formaldehyde plastics сап be 
sprayed, but at the present stage of de- 
velopment they are too brittle for most 
applications, The coating is of a dark 
brown color, does not have a high gloss, 
and has a wavy surface unsuitable where 
appearance is the primary objective. 
Principal application is for electrical 
insulation, such as on ignition wires for 
aircraft. Temperature range is from 


—]10 to 130 deg. F. 


GLAss COATINGS, acrylic resins, poly- 


merized ethylene (polyphene), and cel- 
lulose acetate and butyrate coatings are 
all in process of development. Some 
degree of success has been attained with 
these materials, but they are not yet 
ready to be introduced commercially 
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Antimony, used as an alloying addi- 
tion to lead, is a hardening and strength- 
ening agent. High percentages of anti- 
mony make the alloy brittle but this 
can be reduced by the addition of tin. 
Small quantities of tin in antimony- 
lead alloys increase their stiffness but 


do not increase their brittleness as 
much as would a corresponding in- 
crease of antimony. Tin and antimony 
both increase the deformation pres- 
sure of either high-purity lead or a 
copper bearing lead to about the same 
value. 


Metal Additions 


Tin, arsenic, copper, tellurium, 
nickel, bismuth and some other ele- 
ments improve mechanical properties 
of antimony-lead such as hardness, 
creep strength, and fatigue strength 
and also stabilize these properties at 


temperatures above normal. Arsenic 
additions prevent segregation, raise 


strength and hardness at normal tem- 
peratures and help to stabilize proper- 
ties at higher temperatures. Up to 0.10 
percent of arsenic, however, when pres- 
ent as an impurity in dispersion-hard- 
enable alloy has no effect in increasing 
hardness where the content of antimony 
is only one percent. Also small amounts 
of copper, bismuth, cadmium, nickel, 
and mercury, when present as impuri- 
ties in bearing alloys containing 12.50 
percent antimony, 3.00 percent arsenic, 
and 0.75 percent, do not affect the prop- 
erties noticeably. 

Copper hardens the antimony lead 
alloys and 1 to 2 percent copper will 
also tend to prevent segregation of tin 
and antimony when the tin content is 
appreciable. When tin content is low 
there is little tendency for such segrega- 
tion. 


Hardness 


Physical properties of antimonial 
lead bearing alloys, at least as deter- 
mined by hardness, are inferior to those 
of standard tin-base alloy. However, the 
antimony-lead bearing retains its hard- 
ness better than tin babbitt. Tensile 
strength data confirm the hardness data 
and show that while antimonial lead is 
initially slightly softer at room tempera- 
ture than lead or tin-base babbitt, at 
more than 212 deg. F. it is very much 
better than these alloys. 

Brinell hardness of a given compo- 
sition is variable, depending upon 
temperature, cold working, age-harden- 
mg, and perhaps other variables. 
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i Percent Antimony 
Tensile Strength of Antimony-Lead Cast Alloys 


Tensile strength of antimony lead alloy varies with the antimony content and reaches a 
maximum at about 10 percent antimony. Tensile strength also varies with heat treat- 
ment and changes during aging 


Table I—Chemical Composition and Physical Properties 


(Properties at 68 deg. F.) 





| Tensile 


Alloy Antimony Tin Arsenic Lead Strength Elongation Brinell 
No. 0. e. с % Lb/sq. in. Percent Hardness 
1 5.0 Сал — 95.00 6,900 8.00 9.2 
2 10.0 xa Lar 90.00 8,000 6.00 13.5 
3 12.0 dn T 88.00 9,300 5.23 14.5 
1 12.5 0.65 0.65 86.20 9.800 5.50 18.0 
5 12:5 0.75 3.00 83.75 10,200 2.80 22.0 





Alloy 1 is used extensively for battery grids, storage battery terminal connectors, fire 
extinguisher nozzles and similar parts. 
Alloy 5 retains hardness even after long periods at high temperature. 





Table II—Physical Properties of Aluminum and Zinc Alloy 
Die Castings 





Tensile Elongation Brinell Charpy 
Alloy Strength Percent Hardness Impact 
Aluminum 29,000 1.0 vei 1.5 
33,000 4.0 zt 5.0 
Zinc 10,300 3.0 60 17 
14,500 9.1 100 20 





strength. In aging, the antimony mi- 
grates to the grain boundaries and re- 
sults in porosity of the alloy. 


Tensile Strength 


Tensile strength of a given antimony- 
lead alloy is also variable. Quenching 
from 480 deg. Е. produces a tensile 
strength of about 2,800 lb. per sq. in. 
which subsequently increases to about 
6,000 lb. per sq. in. as the result of 
aging at room temperature. If cooled 
slowly from 480 deg. F. the alloy does 
not undergo this wide variation in 


Fatigue Strength 


Fatigue strength of the antimony- 
leads is higher than that of conven- 
tional lead-base and tin-base babbitts. 
This is important in cable sheath as 
well as in bearings but because of de- 


559 





velopment of porosity in antimony-lead 
cable sheath attempts are being made 
to substitute calcium as the alloying 
metal. An alloy developed a dozen years 
ago for cable sheath, which contained 
0.50 percent antimony and 0.25 per- 
cent cadmium, proved to be a great 
improvement over pure lead. 


| Cold Working 


Lower members of the antimony lead 
series are soft in the cast condition but 
may be hardened by cold-work. The 
work-hardness is lost at amospheric 
temperature by self-annealing, but at 
a slower rate than with tin-containing 
alloys. Antimony-leads are also suscep- 
tible to age-hardening, but the harden- 
ing develops relatively slowly. Increase 
of antimony increases susceptibility to 
age hardening, even after cooling from 
the eutectic temperature at relatively 
slow rates, for example after casting. 
Cold working, however, destroys age- 
hardening effect, and softening is car- 
ried still further by self-annealing dur- 
ing storage at atmospheric temperature. 
An outstanding alloy in this group con- 
tains 1.5 percent cadmium and 0.5 
percent antimony, which age hardens 
with extreme readiness, although it may 
not be permanent. 

In alloys to be used in a severely cold- 
worked condition, such as cold-rolled 
sheet, little advantage accrues from the 
presence of more than a relatively small 
proportion of alloying addition. Cold- 
rolled 1 percent antimony-lead alloy is 
little harder than cold-rolled one per- 
cent antimony-lead alloy. Brinell hard- 
ness of cast antimony-lead alloys con- 
taining 5-12 percent of antimony is 
about the same as that of several other 
alloys of this class after age-hardening. 

Alloys most susceptible to age hard- 
ening are those containing 2 to 3 per- 
cent antimony; 2 percent antimony and 
] percent cadmium; and 1.5 percent 
cadmium and 0.5 percent antimony. 
\ge-hardening of the last named alloy 
takes place so readily that it is difficult 
to suppress the effect by slow cooling. 

Even the hardest alloy is relatively 
soft. Pipe plugs of antimony-lead 
proved unsatisfactory because of inde- 
quate strength and susceptibility to 
distortion. Tightening and loosening the 
plug with a wrench caused cold flow 
at the corners of the nut. On other parts 
the softness of the alloy prevents the 
use of thin sections except where no 
stresses or loading are involved. 


Die Castings 


Although low melting point of the 
antimony-lead alloys makes for easy 
casting and long die life, the low ten- 
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sile strength and low impact strengtk 
of these alloys limits their use to ap- 


plications where strength, lightness, 
and resistace to cold flow are not 
particular requirements. Extremely 


close dimensional limits can be main- 
tained with lead alloy die castings and 
this is sometimes a factor in their selec- 
tion. Lead alloys are highly resistant to 
corrosion and their high specific grav- 
ity also accounts for the use of some 
lead alloy die-castings. These alloys 
can be welded by gas torches and other 
suitable heating appliances and can be 
soldered readily. 


Slush Molding 


A slush molding technique is used 
when it is not required to meet speci- 
fications of strength, interchangeability, 


or stiffness. Such a casting is cheap, 
easily soldered, has a bright and ccm. 
paratively non-tarnishing surface ге. 
quiring no polishing operation, and «an 
be made economically singly or in quan- 
tities with an inexpensive mold. Orna- 
mental novelties are commonly made 
by this method. Difficult castings can 
be made in sections and assembled by 
using a soldering torch. 


Finish and Electroplating 


Lead base alloys can be painted or 
electroplated as readily as other metals 
and alloys. Electroplated lead base 
alloys are exceptionally resistant to 
severe salt spray tests, high humidity, 
and similar conditions. In this respect 
lead alloy die castings are superior to 
zinc when proper procedures are used. 


Table III—Brinell Hardness as Related to Temperature 





Composition, percent 








Brinell Hardness 
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Table IV—Tensile Properties at Various Temperatures 
Composition, percent 15 deg. F. | 212 deg. F. | 300 deg. F. | 392 deg. F. 
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Table V—Cold Rolling and Aging Effects 
Brinell Hardness Numbers 
After 80% 
Reduction 
Antimony Before After 50% After 80% and 10 days. 
Percent Rolling Reduction Reduction Aging at 22 Е. 
0.5 5.4 1.6 8.0 5.4 
1.0 12.1 11.4 10.1 6.4 
2.0 20.5 14.9 13.1 2:9 
3.0 20.5 15.2 12.0 6.4 
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FACTORS IN DESIGN 
Engineering properties of plywood pan- 
els depend not only upon the physical 
properties of the specific species of 
woods used for the various plies or 
laminations, but also upon the number 
and thickness of the plies and the di- 
rection of the grain of the wood in the 
various plies. 

A single veneer, depending upon the 
species, in general has a tensile strength 
3 to 5 times the compressive strength 
for loads applied in the direction of the 
grain. Also the tensile strength along 
the grain may be 20 or more times the 
tensile strength perpendicular to the 
grain. In addition the modulus of elas- 


| PROPERTIES OF PLYWOODS 


OF PLYWOOD STRUCTURES 


ticity along the grain is from 15 to 80 
times that across the grain. 

By gluing together plies in a manner 
such that the grain of the wood in one 
ply is at right angles to the grain of 
wood in the adjacent plies, plywood 
panels can be constructed that have 
about the same strength both parallel 
and perpendicular to the edge of the 
panel. Only plywoods of this type of 
construction are considered in this 
article. 

Symmetrical stress distribution in 
plywood panels is obtained by using an 
odd number of plies, and by arranging 
the plies so that for any ply of a par- 


ticular thickness there is a parallel ply 
of the same thickness and of the same 
species or of one having similar charac- 
teristics on the opposite side of the core 
equally removed from the core. 

Where resistance to splitting is de- 
sired, as in plywood that is fastened 
along the edges, a large number of 
plies affords a stronger fastening than 
does a plywood made up of a few plies. 

In panels of many thin plies the glued 
joints between plies will not be stressed 
by shrinkage strains caused by changes 
in moisture as much as would the joints 
in panels constructed of a smaller num- 
ber of thicker plies. 


SIMPLE TENSION PARALLEL AND PERPENDICULAR TO GRAIN 


The greater the number of plies used 
for a given panel thickness, the more 
nearly will the tensile strength parallel 
to the edge of the panel approach the 


strength perpendicular to the edge of 
the panel when the plies are alternately 
parallel and across grain. Because the 
strength of a single ply in the direction 


BENDING AND DEFLECTION OF PLYWOOD PANELS 


For beam structures the moment of 
inertia of the cross section is computed 
by considering only those plies that 
have their grain running in a direction 
parallel to the span. For horizontal 
panels with plies of equal thickness, 











Cross Section of Plywood Panel with 
of plies at right angles to direction of Баа 


D; = Thickness of 3-ply panel in inches 


О2= 7hickness of 5-ply panel in inches 


D3= Thickness of 7-ply panel in inches 


04 = Thickness of 9-ply panel in inches 
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therefore, since the number of plies 
having their grain parallel to the face 
plies is one greater than the number 
of plies with grain at right angles to 
the face, the moment of inertia is great- 
est when the grain of the face plies is 


of the grain is so much greater than the 
strength across the grain, the strength 
of only the plies with grain parallel to 
the direction of load are considered. 


parallel with the span. Data covering 
form factors used to calculate the 
strength of composite beams and col- 
umns should be arrived at after consul- 
tation with the plywood manufacturer. 

(Continued on next page) 


Properties of Plywood Panels of Rectangular 


Moment of Inertia J = 
Section Modulus R — ( KiB)/(6 Ks 


GRAIN OF FACE PLIES PARALLEL TO SPAN 


Number of 


lane 








GRAIN OF FACE PLIES AT RIGHT ANGLE TO SPAN 


Cross-section 
K,B)/12 


plies in К, Ky 
panel 
3 D3, — a Di 
5 D*, — (a 4- 255 -- c D. 
7 Г? — (a + 2b + 2c)? + (a + 2b)3 — a D; 
9 D*, — (a + 2b + 2c -- 2d» -- (a 4- 25b --20*—| Ds 


(a + 2b)? + a 





Number of 
plies in К, К. 
panel 
3 a? a 
5 (a + 20): — а? (а + 2Ь 
7 (а + 25+ 2с)% — (а + 20)? + а? | (a + 2b + 2c 
9 (а + 2b -- 2c -- 2d? — (а + 2b +) (a + 2b + 2c + 2d) 


2c)? 4- (a + 2b)? — aè 
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PROPERTIES OF PLYWOODS ( Continued ) 


Strength Values of Various Woods Parallel to Grain 


Based on 15 percent moisture content 
(From tables compiled by U.S. Forest Products Laboratory) 


Static BENDING COMPRESSION 
SPECIFIC و چ ی‎ A ХА _____| FIBER STRESS 

SPECIES GRAVITY Fiber stress AT ELASTIC 

AVERAGE at elastic Modulus of Modulus of LIMIT, LB. 

limit, Ib. rupture, lb. elasticity, 1,000 PER SQ. IN. 

per sq. in. per sq. in. lb. per sq. in. 
HARDWOODS 
MEN ЫЫ ы айылы 6,400 11,900 1,340 1,050 
Ash, commercial white. 8,900 14,800 1,460 5,250 
Иол ъс 5.600 8,600 1,250 3.310 
BEN rr eo WT ERES 8,200 14,200 1.440 1,880 
BEEN VV uuo vod Е 9.500 15,500 1.780 5,480 
Cherry, black. 8,500 12,500 1.330 5,100 
Cottonwood... 5,600 8,600 1,190 3,520 
O E VLLL Lusso a 1,900 15,000 1.340 5,180 
Gum, red..... 1,500 11,600 1,290 1,050 
Hickory oe 10,600 19,300 1,860 6,520 
Mahogany, African 1,900 10,800 1,280 1,280 
Mahogany, true... 8,800 11,600 1,260 1,880 
Maple, SS EE 9.500 15,000 1,600 5,620 
Oak, white and red. . 1,800 13,800 1.490 1,950 
Yellow poplar..... 6,000 9,100 1,300 3,750 
SOFT WOODS 

SLL ORO wo xr RR 6,000 8,700 1,020 4,320 
Cedar, northern white. . . 1,700 6,600 700 3,040 
Cedar, Port Orford... . 7,400 11,000 1,520 1,880 
Cedar, western red. . 5,100 1.800 1,030 4,000 
Cypress, southern. . . 7,100 10,500 1,270 1,960 
Douglas fir....... 8, 000 11,500 1,700 5,600 
Pine, northern. 5,900 8,700 1.140 3,840 
Pine, Norway. 8,500 11,900 1.560 5,280 
Pine, sugar 5,600 8.000 1.040 3,680 
Pine, western white. 6.000 9.300 1,310 1,240 
PN etek bind isl bbe bi earn aan ta be tec on n 6,200 9,400 1,300 4,000 








Modulus of rupture is not a true stress, it is the value obtained 
by substituting maximum bending moments of rectangular beams 
in the ordinary beam formula. When the design stresses for 
fiber stress at elastic limit in bending, or the modulus of rupture, 


as given in the Table are used in the design of beams the sections 
of which are not rectangular, factors whose values depend upon 
the shape of the cross section must be applied. 





SPECIES OF WOOD FOR FACE PLIES TO MEET SERVICE REQUIREMENTS 


Woods checked in column A are used to obtain hardness, 
resistance to abrasion and fastening strength. 

Woods checked in column B are used where finish or appear- 
ance is required. 


Woods checked in column C are used for plywood that must 








SPECIES AIBICID 
a Moe PES viso dicia es eS CRDI «TI 
Birch, sweet or yêllow.................... v b 1T 
EE ев оньо Еке Bae у |у | у 
RS i cs et cee ~ Viv 
5 2л ср Жали» клен FR Viv 
ee SE a a ek у | 
НИСИ веть cols os у | у 
Mahogany, African or true................ wis 
EE LI аон rau Fam E ER Viv 
MEN auo. dius ceux Bah a dle V 
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be steamed or soaked, before being bent into a form or shape 
that is to be permanent after forming. 

Woods checked in column, D are used for flat panels in which 
high bending strength, or high column strength, with mini- 
mum weight is required. 


SPECIES | A B | C 


i2 


p | 

I Sh hss ate we ee FS | 

ШАБА... ;...................... | 

Fir, low land white, noble or silver.. à | 

Tupelo EE Lua RAE MEO KR Ae e | | 
СИЛИ. оосо a | 
| 


Pine, white, sugar, pondosa, California white| 
Yellow CUT MEER з 
КАЛА. N T zn 
Spruce, red, white or Sitka................ 
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uestion and Comment 





Factor for Determining Shell Thickness 


Of Copper Unfired Pressure Vessels 


To the Editor: 


The article on *Unfired Pressure Ves- 
sels” by Edward L. Maguire, in PROD- 
uct ENGINEERING for July 1941, pages 
391-393, can be useful to any design 
engineer who has much tank design 
work. I was glad to see the correction 
notice published on page 441 of the 
August number. The obvious error in 
transposing the subscripts for the scales 
on page 393 tripped us up for a while 
when we checked the reference sheets 
for accuracy. 

The chart, page 391, checks with the 
A.S.M.E. Unfired Pressure Vessels Code 
and Paragraph U-122. Also, the chart 
on page 392 checks with Paragraph 
U-20. 

The chart for “Shell Thickness with 
Internal Pressure” on page 392 would 
be of greater use to us if we were able 
to apply it for hard and soft copper. In 
Note (3) at the foot of the page you 
list factors by which the ¢ of stainless 
steel is to be multiplied to determine 
shell thickness with other metals. Have 
you similar factors for hard and soft 
copper ? FRED W. STRADTMAN 

Chief Draftsman 
Rice & Adams Corp. 


To the Editor: 


In reply to Mr. Fred W. Stradtman’s 
inquiry regarding my article on “Un- 
fired Pressure Vessels", factors for de- 
termining shell thickness from the chart 
on page 392 can easily be worked out 
for any metals by referring to the A.S. 
M.E. Code for Unfired Pressure Ves- 
sels, 

The equations for determining shell 
and dished head thickness for a given 
application would have only one vari- 
able—the tensile stress of the materials 
from which the tank is to be made. A 
factor by which the charts can be ap- 
plied to any material can therefore be 
determined by selecting the allowable 
stress at the temperature at which the 
vessel will operate, as given in the table 
for non-ferrous metals (Table U-3 in 
the A.S.M.E. Code), and multiplying 
this value by five. The resultant figure 
is then divided into 75.000 (the mini- 
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mum ultimate tensile stress of stainless 
steel). Factors thus determined can be 
multiplied by the t of stainless steel as 
determined from the chart to give an 
accurate value for the t of a vessel made 
from any material. —E. L. MAGUIRE 


| Editors Note—We have applied Mr. 
Maguire's factor calculation to the cop- 
per tubes, plates and pipes as listed in 
Table U-3 of the A.S.M.E. Code. This 
table lists an allowable stress of 6,000 
lb. per sq. in. for copper at temperatures 
up to 150 deg. F. The allowable stress 
is only 4,000 lb. per sq. in. at a tem- 
perature of 400 deg. F.. and the material 
is not recommended for higher tempera- 
tures. Factors for these temperatures 
are computed as 2.5 for 150 deg. F., and 
3.75 for 400 deg. F. 

Note that these factors cannot com- 
pare with the factors listed for other 
materials on page 392 which are com- 
puted on the basis of allowable stress 
at 700 deg. Е. | 


U. S. Army Knows 
German Artificial Fog 


To the Editor: 


In your “Engineering in Washington” 
column for August, page 445, under the 
sub-head “Artificial Fog,” you state that 
you could not find anyone who had 
known of artificial fog being used on 
land. 

In talks with Germans employed by 
American Cutting Alloys, Inc., early in 
1937, statements were made by them 
that the German army was then experi- 
menting with an artificial fog for land 
use. 

Their statements were that the fog 
produced was of light gray or almost 
white color, very similar to natural fog; 
that it could not be penetrated by any 
known light; that it was harmless, except 
when small quantities of mustard gas 
was used with it; and that the addition 
of mustard gas gave the fog a yellowish 
color. 

As I understand the statements, this 
artificial fog could not have been 
titanium-tetrachloride as that gas has a 


black or deep brown color—not white. 

Statements were also made that this 
fog could be drifted from airplanes over 
land or water to hide their operations, 
that it diffused evenly in the air as it 
settled toward the earth or toward the 
water, that it settled so slowly that air- 
planes could operate for nearly a half 
an hour behind a bank of fog. 

If the Army officials have stated that 
they knew nothing of this, there must 
be a mistake somewhere, for I spoke of 
it when visiting Colonel Jenks with Mr. 
Р. Т. Wetter late in 1937 or early in 
1938. It would seem that the composi- 
tion of the gas was a state secret, as the 
engineers did not refer to the type of 
chemicals used. 

—C. G. WILLIAMS, M.E. 
Davenport, lowa 


Half Truths More Harmful 
Than Lies to Defense 


To the Editor: 


I wish to commend you both for your 
editorial “Play Hard to Win” and your 
article ^U. S. Armament Superior” in 
August Propuct ENGINEERING. Both 
deserve nationwide publicity. 

I particularly endorse your remarks 
about the “warmongering” Senatorial 
investigation. It is surprising how some 
people who think they are intelligent 
believe the allegations of the man who 
headed up this investigation. He seldom 
tells both sides of a story. In my estima- 
tion, a half-truth is worse than a lie. 

At this college we have been trying 
to do our part by painting the true pic- 
ture of our economic system. Every engi- 
neer graduating here, knows what in- 
dustry is doing for him and everyone 
else in this nation. 

In our machine design classes, we 
have used ordnance problems for the 
last ten years in order to make our 
graduates more useful to both Army and 
industry. Many of them are now in 
Army, Navy or Marine Corps doing 
valuable work.—Carroii D. BILLMYER 

Assistant Professor 
Rhode Island State College 


| Editors Note—We thoroughly agree 
that a half-truth is worse than a lie, but 
the worst of it is there are even more 
half-truths than lies, and there are 
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plenty of the latter. When magazines 
and newspapers, which are presumably 
of the highest character, stoop to some 
of the tales which are now appearing, 
it is really frightening. | 


Wrinkle Finishes Repaired 
By Simple Retouching 
To the Editor: 


Here is a question to which one of 
your readers may have an answer. Is 
there any satisfactory method for cover- 
ing up scratches on wrinkle finished 
surfaces? 

We have tried out various ideas, such 
as holding an infra-red lamp close to 
the surface for a period of time after 
applying the finish. Nothing to date has 
been very successful. 

—E. W. Peterson 
Chief Engineer 


Ditto, Incorporated 
To the Editor: 


The way to retouch these scratches is 
to use an air drying material which is 
available from Ault & Wiborg Corpora- 
tion and possibly from other manufac- 
turers. More recently, with the intro- 
duction of infra-red drying, this re- 
touching can be done successfully in 
some cases by retouching with the 
original finishing material and then 
baking it under the infra-red lamp. In 
this case, as in any infra-red finish 
operation, bulk of metal involved, the 
extent to which infra-red rays can be 
applied directly, and other factors must 
be considered. —Davin Donovan 

Interchemical Corporation 


Mess Kits of Plastic 


To the Editor: 


When I was in the Army, mess kits 
were made of aluminum and probably 
still are. Why not make plastic sub- 
stitutes and salvage the aluminum in 
the present mess kits? 

—T. J. McCarron 
New York, N. Y. 


Equinoxial Problem 
To the Editor: 


This interesting problem is as far as 
I know, original. Although I have given 
the solution here, try to solve it without 
looking at the answer. 


Problem: There are two days in each 
year when the duration of day and night 
are very nearly equal. These days occur 
when the earth passes through the vernal 
and autumnal equinoxes. Using the sim- 


plified values given below, determine 
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how much longer the day is than the 
night when the earth passes through 
equinox. 

Sun's diameter is 80,000 miles; 
Earth's diameter is 8,000 miles; and 
mean distance between centers is 93,- 


000,000 miles. 


Solution: 

T ocn Sin x 

z d+z ` 
_ rd 
ЕЧ: 

han = ااا‎ 0 = 90 — a 
а 
n R-r 
= 90 — Sin?! —— » 
d 





, 400,000 — 4,000 

93,000,000 
90 — Sin 0.0042 = 90° — 14’ 24” 
= 89° 45’ 36” 


90 — Sin ^ 


20 = 179° 31’ 12” in darkness = 








31 12 
= 90 
179 + 60 + 60 x 60 179.52 
360 — 179.52 — 180.48? in light 
_ 24X 180.48 _ 1203 hr. = 
{= 36 12.03 hr. — 


12 hr. 1 min. 48 see. light 


Answer: At equinox there will be 3 min. 
36 sec. (solar time) more light than 
darkness, —RoraANp W. ZiEGE 

Central Scientific Co. 





Can You Work This One? 


H. E. SMITH 


Solution to September problem— 


Tellers’ Mistake 


A man cashes a check, and by mis- 
take the teller gave him as many cents 
as the check calls for dollars, and as 
many dollars as the check calls for cents. 
After spending $1.93, he finds he still 
has twice as much as the check was 
written for. By setting up equations, 
letting x-cents and y-dollars, it can easily 
be found that the check read $1.04. 


This month’s problem— 


Cops and Robbers 


In one section of a city, the avenues 
radiate at 45-deg. angles from a central 
hub, and the streets are concentric 
around the hub as shown, spaced 10 
blocks per mile. One day a police car 
at the hub is ordered to rush to the 
scene of a hold-up at the intersection of 
20th St. and Ave. A, and is told that the 
bandits are just making their get-away. 
The police car immediately starts driv- 


ing out Ave. A at 30 m.p.h. through the 





heavy traffic. Three minutes later the 
police car is radioed that the bandits’ 
car has just run through a red light at 
the intersection of Ave. B and 20th St. 
and is turning into Ave. B toward the 
hub. The police car immediately turns 
around, drives back along Ave. A, cuts 
through one of the streets, and arrives 
at Ave. B just in time to intercept the 
bandits. Assume constant speed of each 
car with no time lost in communication, 
and no time lost in stopping and turn 
ing, Through what street must the police 
car cross from Ауе, 4 10 Ауе, В 
order to just intercept the bandits? 
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News and Summaries 


Experimental All-Plastic Ford 


Climaxes 12 Years of Research 


ALTHOUGH IT MAKES ITS PREVIEW at a 
time when steel shortages threaten the 
auto industry’s non-defense production, 
the all-plastic automobile body intro- 
duced unexpectedly in August by the 
Ford Motor Company is only a labora- 
tory specimen, and the large-scale sub- 
stitution of plastic for steel is still some 
vears away, Ford officials hasten to 
explain. Problems still to be met are: 
inadequate supply of raw materials, 
molding capacity, and the lack of com- 
plete data on how the plastic body 
panels will stand up under weathering 
and unusual service conditions. 

In appearance the *Dearborn" plastic 
car is not radically different from the 
conventional streamlined auto, with the 
exception that there are fewer deep 
drafts. Its frame is of welded steel 
tubing, on which are mounted the four- 
teen plastic body panels. Panels are 
attached by steel straps, as shown in 
Fig. 1. Where two panels join, they are 
cemented together with  cold-setting 
phenolic resin. All molding and trim 
is of extruded plastic, attached by con- 
ventional methods. Windows are of 
acrylic plastic, the same material used 


- 2 ul 


for bomber blisters and windows. 

Panels of the body are only 4 in. 
thick, but they will absorb greater blows 
than steel panels without denting seri- 
ously. The total weight of the plastic 
panels is 250 lb., and the metal frame 
has a similar weight. The car with plas- 
tic body weighs about 2,000 lb.—a sav- 
ing of 1,000 lb. as compared with a 
steel car. 

The plastic developed in the Ford 
Research Laboratories is made from 
ordinary farm crops. Synthetic resins 
are mixed with fibrous filler materials 
derived from such crops as wheat, flax, 
ramie, hemp, and spruce pulp. To solve 
the problem of completely filling a 
large-area plastic mold, the plastic is 
“preformed” by suction into a sheet 
nearly the shape of the finished panel 
and about three times as thick. (See 
Fig. 3.) The preformed sheet is then 
inserted into a multi-tier press and 
molded at high temperature under 1.500 
lb. per sq. ir. pressure. 

The value of preforming is twofold: 
(1) It permits a higher proportion of 
plentiful filler materials like paper pulp, 
slash pine fibers, soybean cellulose, 


Plastic sheets cemented together by cold 
hardening phenolic resin 
/ 


r/rame tube 


i Phick-+ 
or less 


Sprayed 
enamel 


an Metal straps 
finish P 


screwed fo 
_“ panel 


(a) Body Assembly 


Common spring wire 
clip fastener 


Extruded plastic 
(b) Trim molding 


Fig. 1--Methods for mounting plastic 
panels and molding to frame of body 


ramie, etc., to the more scarce and ex- 
pensive synthetic resins (one Ford 
formula is said to call for 70 percent 
filler—consisting of five parts southern 
slash pine fiber, 3 parts straw, l part 
hemp, and 1 part ramie—and only 30 
percent of synthetic resin) ; (2) it ob- 
viates the cracking and pulling apart 
of high-filler plastic on deep draws and 
sharp bends. 

"Plastic raw materials may cost a 
little more," Henry Ford admitted when 
asked about the economical aspects, 


Fig. 2—Robert A. Boyer, who started at the age of 20 as research head of Ford's plastic car project, is shown here with one-quarter 
scale models of the automobile with plastic body and the welded tubular steel frame on which the panels were mounted. Fig. 3 
In the preforming operation, a mixture of synthetic resin and fiber is sucked into a mold the shape of the finished panel 
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"but we anticipate a considerable sav- 
ing as a result of fewer fabricating and 
finishing operations. For example, the 
relatively simple rear compartment door 
when made of steel requires no less 
than seven stamping operations, while 
only two are required for the same panel 
made of plastic." 


Census Bureau to Survey 
Strategic Materials 


DEFENSE AGENCIES of the Federal Gov- 
ernment are asking the cooperation of 
American industry in ferreting out the 
quantities and whereabouts of strategic 
metals. The first of 65,000 question- 
naires, addressed to the manufacturers 
using defense metals, have been put into 
the mail by the Bureau of Census, act- 
ing as agent for the O.P.M. and the 
O.P.A.C.S. 

The questionnaires are simple in 
form, and ask the manufacturer to re- 
port the quantities on hand and uses 
made of antimony, cadmium, chromium, 
cobalt, copper, ferro-alloys, iridium, 
lead, manganese or spiegeleisen, mer- 
cury, molybdenum, non-ferrous alloys, 
tin, vanadium, tungsten, zinc, and scrap 
metal containing any of these. Results 
from these questionnaires will be tabu- 
lated by the Census Bureau and will be 
used directly for administrative check- 
ups. 

When this information is compiled 
with reports from the Bureau of Foreign 
and Domestic Commerce and from the 
Bureau of Mines, an overall picture on 
the use, stocks and distribution of 90 
percent of the listed metals will be 
available. 


Most Plastics Unavailable 
Except for Defense 


WITH DEMAND FOR PLASTICS rising, and 


raw materials being diverted to other 


defense purposes, there are practically 
no plastics available at the present writ- 
ing for uses other than defense. All 


PLASTICS FROM 
NON-STRATEGIC RAW MATERIALS 








York Plan of pooling men and ma- 
chines for cooperative work on large 
government defense contracts is shown 
here in action as executives of York in- 
dustries put their heads together over 
a $2,000,000 order for 6-in. Barbette 
guns. Left to right: P. P. Stock, meth- 
ods, York Ice Machinery Corp.; H. C. 
Bentzel, methods, York Ice Machinery; 
Burwell B. Smith, vice president, S. 
Morgan Smith Co.; Warren C. Bulette, 
president, Brandt-Warner Mfg. Co.; 


William S. Shipley, chairman of board, 
York Ice Machinery; Marshall С, 
Munce, assistant to president, York 
Ice Machinery; Beauchamp Smith, vice 
president, S. Morgan Smith Co.; D. C. 
DeVine, general superintendent, S. Mor- 
gan Smith Co.; T. C. Cottrell, sales en- 
gineer, York Ice Machinery; M. L. 
Gotwalt, estimator, Read Machinery 
Co.; and Edward Fisher, works man- 
ager, A. B. Farquhar Co. Barbette guns 
are needed for harbor defense. 





plastics using formaldehyde are now 
under mandatory control. Plasticizers 
for cast resins are rapidly becoming 
unavailable, and this fact may lead to 
serious restrictions in the supply of cel- 
lulose acetate and cellulose acetate- 
butyrate resins. The vinyl resins are un- 
available except for defense purposes. 
Although there are now three manufac- 
turers producing polystyrene resins, de- 
mand is way ahead of the supply. Cel- 
lulose nitrate, of relative unimportance, 
is still available. 

Plastics authorities believe that all 
plastic materials may be placed under 
mandatory control within the next few 
months. When asked by Propuct En- 
GINEERING editors for a list of the order 
of relative availability for necessary ap- 
plications, the following was given, with 
the most available at the top: 


Cellulose nitrate 
Polystyrene 

Cellulose acetate 
Cellulose acetate-butyrate 
Vinyl resin 

Acrylate resin 

Phenolic resin 

Urea resin 


A study of the diagram at left 
shows why most of the shortages have, 
occurred. Many of the intermediate 
materials, such as methanol, formalde- 
hyde, nitric acid, and the plasticizers 
have been diverted to other defense uses. 


Hobart Offers Prizes 
For Are Welding News 


CasH prizes totalling $200 or more 
every month are now being offered for 
interesting news items about arc weld- 
ing applications in a contest being spon- 
sored by Hobart Brothers, Troy, Ohio. 
The prizes range from $100 for the first 
prize, down to additional special awards 
of $1 to $10 for entries deemed worthy 
of purchase by the contest judges. Ac- 
cording to Hobart, no lengthy essay 
or technical data are required of contest 
entrants. 





Do You Know That— 


CHROMIUM-PLATED PLASTIC molding 
for automobile radiator grilles is in the 
experimental stage. Besides appearance 
and hard surface, chromium plating 
adds a slight amount of stiffness. Prob 
lems: to secure adequate bond between 
plated metal and plastic, to secure 
proper means for fastening, and to al. 
low for slight expansion and contrac- 


tion. (60) 


TAPERED ROLLER BEARINGS submerged 
in a creek near Ichang, China, were те 
trieved after six weeks. After soaking 
in kerosene and refinishing, they were 
successfully used. (61) 
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A floating drydock “about a block 
long” is being towed from shipyard to 
shipyard in England, relieving the most 
severe repair situations. It is moved by 
three ocean-going tugs and defended by 
destroyers, balloons and fighter air- 
craft, with a crew of 114 aboard. 


Winds eddy and flow around all 
kinds of structures, and they cause un- 
steadiness of aircraft operating near 
them. At Lakehurst, N. J., the Navy 
made preliminary tests with models of 
additional buildings to be put up. Smoke 
was blown over the models, from wind 
tunnels, and photographs of the currents 
were made. 


In the first attempt. since the last 
war, to use concrete in shipbuilding, the 
Maritime Commission decides to build 
100 reinforced concrete oil barges of five 
to eight thousand long tons capacity. 
The barges will require about half as 
much steel as for similar capacity in 
steel construction. And besides, rein- 
forcing bars are less scarce than plates. 
Bidders are to submit designs. Three 
types are to be built. Two are conven- 
tional ship shape, one with screw and 
rudder, the other without either. The 
third is cigar-shaped—oval cross-section 
with conical ends. None is powered. In 
all types, maximum length is 370 ft.; 
maximum draft, 28.5 ft. Minimum slab 
thickness is 4 in., with at least 34 in. 
cover for steel. Some concrete men say 
the Commission is acting moss-back in 
refusing to adopt concrete processes de- 
veloped since the World War. 


Army forks and spoons have been 
redesigned by the Quartermaster to 
eliminate zinc and nickel. New designs 
call for plated steel. Just to put an 
element of mystery in this page, we 
won't tell you why the knife wasn't done 
over. We don't know. 


Two major improvements are 
being made on medium tanks. One is a 
power-operated turret, already standard 
on aircraft, and a new “gyro-stabilizer.” 
Not much is being said about the stabil- 
wet, but apparently it is an independ- 
ently sprung gun mount held steady by 
gyroscopic action for steady firing while 
the tank lurches. At present, all tanks 
come to a stop for any accurate shoot- 
mg. Ordnance is supposed also to have 
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developed a “predictor” with which 
guns can be aimed while the tank is in 
motion. We still have no “heavy” tanks 
in production—only lights and medi- 
ums. The heavy model is still experi- 
mental; Baldwin Locomotive expected 
to finish a pilot model in a month or so 
at this writing. 


To save 10,000 rounds of ammuni- 
tion, in training each anti-aircraft ma- 
chine gunner, the Coast Artillery has 
developed a device which saves 60 to 
75 percent of training time. It is used 
on 30 and 50 caliber AA guns. Previ- 
ously, thousands of rounds were wasted 
in firing at small balloons and sleeve 
targets before the men got the feel of 
handwheels. The details are too numer- 
ous to set down here, but in a word, the 
device consists of a 244 x9 ft. box in 
which the apparent trajectory of the 
tracer bullets is produced, by means of 
small electric lights, and a model target 
plane, operated by hand wheels. 





Punetured by .50-cal. machine gun 
bullets, this bullet-sealing hose still 
held fuel under 10 to 15 lb. per sq. in. 
pressure without leaking. Developed 
by Goodrich, the hose has wall thick- 
ness of 5/16 in. with inner surface of 
oil-resistant Ameripol. Available in 
diameters from 1% to 3 in. An out- 
growth of self-sealing fuel tanks, this 
hose will eliminate auxiliary metal fuel 
lines formerly needed in war planes. 


One Standard gasoline will replace 
the four varieties formerly in use for 
Army vehicles in the field. The standard 
is 80 octane, which gives good mileage 
and is expected to cut down volume, 
which will please Mr. Ickes. Diesel 
fuels will be of three kinds insiead of 
four; diesel lubricating oils the same; 
gasoline engine lubricating oil is cut 
from 10 types to three. Airplanes and 
medium tanks (which use airplane en- 
gines) will continue to use aviation 
gasoline which meets Army-Navy speci- 
fications, 


Laboratory equipment and sup- 
plies have been given a priority rating 
of A-2. The National Academy of Sci- 
ences will advise in this new Research 
Laboratories Supplies Plan, concerning 
applications for rating or assistance. 
Any lab experiencing difficulty should 
apply to the Chemical Branch, OPM, 
Washington, on Form PD-88. Number 
of copies of the order necessary to serve 
upon the laboratory's suppliers, should 
be specified. If difficulty is experienced 
under A-2, application should be filed 
on Form PD-l, and special action will 
be taken if the project is sufficiently 
important to defense. 


Use of wood by the Army will be 
increased under a new Wood Products 
Unit, under the Chemical Technical 
Unit of the Standardization Branch of 
the Supply Division of the Quartermas- 
ter. You can forget all those bureau 
names, we hope, and note that a lot of 
things like table legs, chests, etc., will 
be made of wood instead of metal. 


New gas storage tanks are being 
studied by the Army. The 750 gallon 
gasoline tank mounted оп ће 215-оп 
truck is not thought adequate for trans- 
port purposes. One type being tried out 
is a 2,000-gallon frameless tank on a 
semi-trailer. This container is re-in- 
forced inside. The tractor would take 
the tank to the desired location, unhook 
and leave it to be unloaded. Another is 
a 2,000-gallon tank on a spring mount- 
ing for less wear. A third type is a 
2.000-gallon self-sealing tank mounted 
on a semi-trailer. Material is canvas 
covered synthetic sponge rubber that 
seals itself after being punctured. The 
War Department refrains from saying 
they expect gunfire to spill some gas. 
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Flexible Couplings 


Designed for mechanical power trans- 
mission applications where higher 
torque capacity is required, two new 
series of heavy-duty American flexible 
couplings are now available. The Series 
B and Series C flexible couplings are 
basically similar to the Series Æ Amer- 





ican flexible coupling, but the Series B 
has all-steel construction with hard 
chrome faces on the jaw flanges for 
heavy-duty installations. The Series C 
is of all-steel construction having steel 
jaw flanges and center member, to- 
gether with Oilite bearing strips and 
hard chrome flanges. American Flexible 
Coupling Co., Erie, Pa. 


Beryllium-Copper Springs 


Developed for small electrical appli- 
cations, and made on special coiling 
equipment, these beryllium-copper 
springs have higher safe operating tem- 
peratures than bronze, music wire or 
stainless springs, and have more than 
twice the current-carrying capacity of 
bronze. The springs are supplied to the 
following tolerances in production 
quontities: length -- ss in.; outside 
diameter + 0.003 in.; load deflection. 
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5 percent. Springs are uniform in pitch 
and can be compressed to within '$ in. 
of solid length without coils touching. 
Higher safe working stresses allow the 
springs to be designed for greater free 
length, thus reducing «the change in 
brush pressure with brush wear. Being 
heat-treated for minimum drift, these 
brush springs will maintain initial 
assembled tension without set. High 
conductivity results from special heat- 
treating routine. Instrument Specialties 


Co., Inc., Little Falls, N. J. 


Extruded Polystyrene 


Difficulties in extruding polystyrene 
plastics have now been overcome, and 
tubing and special shapes of Lustron 
polystyrene are now available for the 
first time. The new process combines 
the advantages of Lustron’s dimensional 
stability and superior electrical proper- 
ties with the advantages of extruded 
shapes. Tubing can be made to specifi- 
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cations in diameters ranging from ?4 
to 1 in.; special shapes can be fur- 
nished to specifications up to 4 in. wide. 
A drawing of the required cross-section. 
showing allowable tolerances, should 
he submitted in asking for quotations. 
Pierce Plastics, Inc., Bay City, Mich. 
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Roller Arm Actuator 
For Mu-Switches 


Type Y actuator for a.c. and d.c. Mu. 
Switches combines the advantages of 3% 
in. over-travel, large reduction in ef. 
fective operating pressure, and con. 
struction suited to high speed cam oper. 
ation, its nickeled steel arm carrying 
at one end a graphite impregnated, self. 
lubricating Bakelite roller and pivoted 
on an oil-less bearing at the other 
end. A U-spring of phosphor bronze, 
riveted to the under side of the arm, 
transmits the actuating force to the 
operating button of the switch and 
absorbs excess movement at the roller. 
Mu-Switch Corp., Canton, Mass. 





W hiteprint Machine 


Fast printing speeds up to 12% ft. 
per min. and uniform exposure essen 
tial to perfect printing are assured by 
a single high pressure mercury vapor 
lamp in the new Model C high speed 
automatic whiteprint machine. In the 
Model C, the functions of printing and 
developing are combined into one com- 
pact machine which can easily be in 
stalled in any office. The operator feed: 
the original and Ozalid sensitized mate 
rial into the front of the machine where 
continuous belts carry both to the 
printer. After exposure the original is 
automatically separated from the print 
and the original is returned to the 
operator at the front of the machine. 
The print is then conveyed automat- 
ically to the developer, where after dry 
development, it is deposited either to a 
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delivery tray in the front of the ma- 
chine, or to a sorting table at the rear 
of the machine. The Model C accom- 
modates materials up to 42 in. wide. 
Ozalid Products Div., General Aniline 
& Film Corp., Johnson City. N. Y. 


Hydraulic Pumps 


Infinitely variable delivery hydraulic 
pump is designed with a means of bal- 
ancing the dual vanes so that overheat- 
ing is eliminated, wear is reduced and 
the pump is virtually breakproof. 
Known as the “Dudco” pump and de- 
signed for continuous operation at high 
pressures, the new pump is recom- 
mended where the possibility of line 





surges require a break-proof pump. De- 
livery is infinitely variable over two 
ranges: 4 to 0 g.p.m., and 8 to 0 g.p.m. 
The pump is recommended for continu- 
ous duty operation at 1,250 lb. per sq. 
in. but it can be used where periodic 
pressures go as high as 2,000 lb. per 


sq. in. Instead of the conventional 
single blade vane, the new Dudco pump 
has dual vanes. Each vane is beveled 
so that oil from the hole in the rotor 
can flow around all the edges of the 
dual vane. The result is that a back 
pressure, variable to suit individual 
conditions, can be placed on the vanes 
from the stator: side. Thus, each set of 
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vanes is held against the stator with 
only a portion of the total operating 
pressure of the pump, eliminating pos- 
sibility of overheated vanes. Detroit 
Universal Duplicator Co., 253 St. Au- 
bin, Detroit, Mich. 


Float Switches 


New type explosion-proof and water- 
tight float switches are inclosed in 
heavy cast iron covers and bases. In 
the Type 9048AW  water-tight switch, 
shown here, a rubber gasket is provided 
to make it water-tight. The explosion- 
resisting float switch is identical to the 
9048A W switch except that the surfaces 
between the cast iron cover and base 
are carefully machined to comply with 


Class 1. 


Group D hazardous location 





Entries to the switch 
chamber are through approved open- 
ings by means of closely fitted steel 
shafts. Switches are available for cir- 
cuits ranging from 110 to 550 volts a.c. 
or d.c. Square D Co., 6060 Rivard St., 
Detroit, Mich. 


requirements. 


Piloted Coupling 


Especially adaptable for use in paper 
mills, on steel mill auxiliary devices, on 
main rolling mill drives, horizontal and 
vertical pumps and exhaust draft fans, 
this new piloted coupling combines the 
resiliency and shock cushioning action 
of the Falk general duty Steelflex coup- 
ling with a low angle universal joint 
action. This construction eliminates the 
necessity for an outboard bearing on 


extended shafts, or auxiliary bearings 
on intermediate shafts. The piloted 
coupling also allows greater flexibility 
in locating the driving and driven units. 















Constructed entirely of sieel, it consist: 
of two hubs, one of which carries an 
integral flange to which the cover is 
secured; a special tempered steel mem 
ber forming a complete cylindrical 
grid-member; and a flanged steel cover 
secured to the hub flange with cap- 
screws, Available in single piloted, 
double piloted horizontal, and double 
piloted vertical. The double piloted 
drives are recommended where there 
considerable distance between the driv- 
ing and driven equipment. The Falk 


Corp., Milwaukee, Wis. 


Flexible Tube Fittings 


New tube fittings, to be known as 
“Sealflex”, will handle high pressure 
and will permit vibratory flexing up to 
10 deg. included angle. They will re- 
duce sound transmission in lines and 
permit rapid assembly without special 
tools for the lower capacity uses. The 
high pressure capacity and the flexi- 
bility of the tube-to-fitting connection 
is the result of the unique design which 
uses an insulating flexing medium of 





rubber or synthetic rubber. The tub- 
ing is prevented from slipping by a 
metal ferrule which is “rolled in” on 
it. Thus the connection does not de- 
pend upon the shear strength of the 
rubber, and eliminates the possibility 
of pressure swedging down the end of 
the tube. Restriction in the line when 
the ferrule is “rolled in” to handle 
highest pressure causes a restriction of 
only 0.002 in. on the inside diameter. 
Available in a wide range of standard 
sizes for handling virtually any fluid. 
Harris Products Co., 5428 Common- 
wealth Ave., Detroit, Mich. 


Rust Preventive Paint 


Totrust rust preventive oil paint has 
a unique oil vehicle which penetrates 
the pinholes and rusted pits of the 
metal, expels any moisture present, 
seals in and around the rusted par- 
ticles to form a hard, durable, but flex- 
ible film. A light gray color of Totrust 
is available which has an appearance 
and light reflection strikingly similar 
to aluminum and can be used as a sub- 
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stitute for aluminum paint at about one- 
third the cost. Other colors available 
are gloss black, red, machine gray. 
olive green, white and clear. The paint 
is made from titanium-base pigment. 
Drying time is from 8 to 12 hr. Totrust 
is also an excellent water proofing ma- 
terial for masonry or wood. Wilbur & 
Williams Co., Park Square Bldg., 
Boston, Mass. 


Flexible Boots 


Flexible boots used as dust and mois- 
ture sealing covers, corrosion resistant 
protecting caps, and other rubber parts 
requiring a uniform thin wall up to 
one-eighth inch in thickness, are being 
produced from both rubber and neo- 
prene by a process known as form-dip- 


ping. 





Most rubber parts designed with a 
uniform thin wall lend themselves more 
readily to this type of production than 
any other process. Experimental pro- 
duction parts can be made on inexpen- 
sive forms in various given wall-thick- 
ness dimensions to determine which is 
the most suitable. Production forms are 
comparatively inexpensive, running in 
most instances but a fraction of the cost 
of a steel mold. Parts having maximum 
elasticity and flexibility, with tensiles 
up to 5,500 lb. per sq. in. are being 
produced by this process which has 
found unusual acceptance in the auto- 
motive industry. Automotive Rubber 
Co., 8601 Eyworth Blvd., Detroit, Mich. 


Portable Engine 


Three new “Mercury” 2-cycle, port- 
able, air-cooled industrial engines have 
demonstrated, in tests, easy starting, 
unusual freedom from carbon and 
spark-plug trouble; cool running after 
many hours of continuous use, and have 
fewer and simpler working parts. The 
line consists of a l-cylinder, 21/-hp. 
engine; a 2-cylinder, 5-hp. engine; and 
a 4-cylinder model which develops 10 
hp. The 5-hp. model with clutch and 
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transmission weighs only 65 lb. Motors 
can be used in either vertical or hori- 
zontal position, and are available com- 
plete with clutch, various gear ratios, 
and with swivel transmission. Indus- 
trial type magnetos instead of the usual 
fly-wheel type are used. The engines 
may be throttle or governor-controlled, 
depending upon the application. Kiek- 
haefer Corp., Cedarburg, Wis. 


Horizontal Pumps 


Designated types A and T, two new 
Amsco-Nagle horizontal industrial 
pumps are now available in all sizes 
from 34 to 6 in., with capacities up to 
1.400 g.p.m., and for operating heads 
up to 100 ft. These pumps are con- 
structed of material best suited for the 
conditions of abrasion or corrosion un- 
der which the pump will operate. 
Metals specified where necessary and 
available are manganese steel, chro- 
mium-nickel alloys, white iron, nickel- 
iron, brass, bronze and other cuprous 
alloys. Features of the new pumps are: 
clamp-bolt construction of the water 
end; a bearing arrangement that as- 
sures proper alignment; sealed bear- 
ings; a readily accessible stuffing box; 
and self-priming. Four types of impel- 
lers are available: 2, 4 and 6-vane 
shrouded type and 4-vane open type. 
American Manganese Steel Div., Amer- 
ican Brake Shoe & Foundry Co., Chi- 
cago Heights, Ill. 





Precision Pillow Blocks 


Designed for a wide range of indus 
trial applications where a high grad: 
babbitted bearing is required, new 
Sleevoil precision pillow blocks in plain 
and water-cooled types are available for 
shaft sizes ranging from lr% in. to 8 in. 
dia. Ample lubrication is provided by 
T-section brass oiling rings. Single 
rings are furnished in sizes up to 3:5 
in. and two rings are used in larger 
sizes. A brass oil gage is provided 





which can be placed on either side of 
the bearing. Bases have drain holes in 
each end. The bearings are fully self- 
aligning and can be furnished in either 
expansion or non-expansion types. Ef. 
fective sealing against dirt is provided 
by special seals held onto the shaft by 
garter springs so that they revolve with 
the shaft and give the effect of piston 
ring seals. Dodge Manufacturing Corp.. 
Mishawaka, Ind. 


Synthetic Rubber 


A new type of neoprene synthetic 
rubber that withstands the effects of 
sub-zero temperatures better than other 
types of neoprene, combines the desir- 
able qualities of natural rubber at low 
temperatures and the oil-resistance qual- 
ities characteristic of all types of neo- 
prene. Up to the present all known 
types of synthetic rubber have hard. 
ened when exposed to extremely low 
temperatures. In addition, the vulcan- 
izates of Neoprene Type FR are more 
resilient, take lower compression set, 
and have greater resistance to swelling 
by water than those of other neoprenes. 
Like rubber, the Type FR Neoprene 
requires sulfur to obtain an adequate 
state of cure in normal vulcanizing op- 
erations. Like other types of neoprene, 
it has excellent flame and sunlight re- 
sistance. It is supplied in the form of 
preplasticized, milled sheets and has a 
specific gravity of 1.15—lower than any 
other neoprene. Principal early appli- 
cations will be in the aircraft and auto- 
motive field for devices which must 
operate satisfactorily at either high or 
low atmospheric temperatures. E. I. 
du Pont de Nemours & Co., Inc.. Wil- 
mington, Del. 
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| Manufacturers Publications 


AVAILABLE PROMPTLY UPON REQUEST ADDRESSED DIRECTLY TO THE MANUFACTURER 





Materials 


ALUMINUM Aluminum Company of 
America, Pittsburgh, Pa. Aluminum Service 
Bulletin, 83x11 in. In order to serve defense 
industries with up-to-date technical in- 
formation, this new series of service bulle- 
tins is now being issued. Aluminum Service 
Bulletin No. 1 lists 100 references on 
aluminum. 


AMPCOLOY—Ampco Metal, Inc., 1745 S. 
38th St., Milwaukee, Wis. Catalog, 15 pages, 
83x11 in. In addition to general descrip- 
tion of the Ampcoloy high quality bronze 
alloys, a comprehensive table of physical 
properties and a range of chemical composi- 
tions is included. The booklet is well 
illustrated. 


Амрсо METAL—Ampco Metal, Inc., 1745 
S. 38th St, Milwaukee, Wis. Engineering 
Data Sheet File 41, 56 pages, 84x11 in. 
The most important of the Ampco data 
sheets that have been published since 1934 
have been selected and published in this 
booklet, covering a wide range of subjects. 


Durex Iron — Moraine Products Div., 
General Motors Corp., Dayton, Ohio. Bulle- 
tin, 6 pages, 84x11 in. Powder metallurgy 
as a practical answer to the production of 
bearings, gears and cams, and miscellaneous 
metal parts, is discussed in this bulletin. 


Fe.ts — Booth Felt Co., 434-19th St., 
Brooklyn, N. Y. “The Technique of Felt 
Making,” 24 pages, 8i1xll in. Complete 
engineering and design data for felt is in- 
cluded in this booklet, as well as the com- 
prehensive story of its raw materials and 
manufacture. Two pages of bearing dia- 
grams with felt seals, and the A.S.T.M. and 
S.A.E. specifications covering felt are in- 
cluded. The latter specifications include a 
list of recommended uses. 


NICKEL ALLOYS — International Nickel 
Co. Inc., 67 Wall St., New York, N. Y. 
“Individualized Inco Nickel Alloys,” 12 
pages, 84x11 in. Gives characteristics, me- 
chanical properties and application infor- 
mation on the Inco nickel alloys, including 
monel, nickels, “Z” nickel, and Inconel. 
Tables of physical constants and available 
forms are included. 


Spring Wire—Chicago Coil Spring Co., 
Albany & Carroll Aves., Chicago, Ill., 31x83 
in. Contains samples and gives description 
and comparison of five principal types of 
spring wire, including music wire, oil tem- 
pered wire, high carbon wire, phosphor 
bronze spring wire, and brass spring wire. 


Wire Rope — MacWhyte Co., Kenosha, 
Wis. Catalog G-14, 166 pages, 49x64 іп. 
This catalog is veritable encyclopedia of 
Wire rope information. In addition to the 


October, 1941 





well-presented pages of catalog listings, 
many pages in the back of the book give all 
the engineering data necessary for specify- 
ing the proper wire rope. Sheave design 
and maintenance, inspection, and manufac- 
ture are covered. Tables of general data are 
also included. 


Mechanical Parts 


CowE-DnivE GEAnING— Michigan Tool Co., 
7171 E. McNichols Rd. Detroit, Mich. 
Bulletin CW 41B, 12 pages, 84x11 in. This 
booklet contains considerable information 
not previously published, including illustra- 
tions of numerous installations, details on 
how cone drives are produced, specifications 
of speed reducers, and a discussion of gear- 
ing in general. 


Hyprautic Drives — Twin Dise Clutch 
Co., Racine, Wis. Bulletin 132, 24 pages, 
83x11 in. This well-prepared and compre- 
hensive description of hydraulic clutches 
and hydraulic torque converters contains 
much general engineering information on 
design and performance. 


Spray NozztLEs—Spraying Systems Co., 
1011-21 W. Lake St., Chicago, Ill. 1941 
catalog describes and illustrates complete 
line of spray nozzles for all industrial uses, 
and contains many performance tables and 
data sheets. 


Vatves—Hills-McCanna Co., 3025 N. 
Western Ave., Chicago, Ill. 1941 catalog, 
83x11 in. Comprehensive catalog illustrates 
and explains the outstanding features of 
diaphragm valves, including factual data 
and specifications and service recommen- 
dations. 


VIBRATION INSULATORS—B. F. Goodrich 
Co., Akron, Ohio. Catalog Section 7900, 12 
pages, 84x11 in. This excellently illustrated 
booklet gives a general discussion of vibra- 
tion insulation in machines, describes Vibro- 
Insulators, gives methods of selecting, and 
discusses uniformity of load distribution, 
rocking and horizontal motion and the care 
of the devices. 


Electrical Parts 


Morons—Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. Bulletin B-6052.B, 8 pages, 
83x11 in. The company's Lo-Maintenance 
motors in ratings from $ to 75 hp., open, 
inclosed and splash-proof types, a.c. and 
d.c. are concisely described and illustrated 
in this bulletin. Types of motors and their 
applications are summarized in tabular 
form. 


Morons—General Electric Co., Schenec- 
tady, N. Y. Bulletin GEA-3579, two pages, 
8x103 in. This leaflet gives a brief descrip- 


tion of fractional-horsepower motors for 
machine tools and other industrial applica- 
tions. 


PANEL INSTRUMENTS—Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. Cata- 
log Section 43-330, 12 pages, 84x11 in. 
Miniature a.c. and d.c. voltmeters and am- 
meters in the 2-in. specifications for general 
use are described. A complete tabulation 
lists ratings, scale divisions, style numbers, 
and list prices. 


Precision SWITCHES — Micro Switch 
Corp,. Freeport, Ill. Catalog page 5.021, 
81x11 in. Announces a reduction in the list 
price and an extension of the discount on 
Type H Micro Aircraft Housings and 
Switches. 


Resistors — Keystone Carbon Co. Inc., 
1935 State St., St. Marys, Pa. Bulletin, 4 
pages, 84x11 in. Keystone negative tempera- 
ture coefficient resistance material is de- 
scribed in this new folder. The last page 
contains a curve which indicates the varia- 
tion of resistance with temperature. 


Resistors—Sprague Specialties Co., Re- 
sistor Div., North Adams, Mass. Koolohm 
Resistor Catalog, 84x11 in. Illustrates and 
describes the complete line of Koolohm 
resistors, including many new types. De- 
tailed information on this resistor construc- 
tion is included. 


Miscellaneous 


DereNnseE—Link-Belt Co., 307 N. Michigan 
Ave., Chicago, Ill. Book 1917, 12 pages, 
84x11 in. Entitled “Just Another Job,” this 
interesting illustrated booklet describes the 
work Link-Belt is doing directly or in- 
directly for National Defense. 


SILVER BRAZINc—Handy & Harman, 82 
Fulton St., New York, N. Y. Bulletin 12, 
16 pages, 184x11 in. This comprehensive 
booklet gives a general description of Sil- 
Fos and Easy-Flo silver brazing alloy. Of 
particular interest to product engineers, 
several pages of applications are given and 
many sketches show the proper method for 
designing silver-brazed joints. Formulas for 
calculating shear depth and other engineer- 
ing factors are included. 


Engineering Department 


TACHOMETERS—Boulin Instrument Corp., 
65 Madison Ave., New York, N. Y. Bulle- 
tin, 4 pages, 84x11 in. Sets forth features 
and specifications for Boulin centrifugal 
tachometers of the single range hand, the 
stationary, and the triple range centrifugal 
types. 


Testinc Macutnes—Baldwin-Southwark 
Div., Baldwin Locomotive Works, Phila- 
delphia, Pa. Bulletin 161, 40 pages, 84x11 
in. Illustrated with more than 50 photo- 
graphs and charts, this bulletin pictures the 
company’s testing machines in capacities 
from 20,000 to 4,000,000 Ib. General speci- 
fications and a detailed description of opera- 
tion are included for all types. 
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Books and Bulletins 





Photoelasticity 
Max Mark Frocut—Volume I, 411 
равеѕ, 5х9 in, Black clothboard cov- 
ers. Published by John Wiley & Sons, 
Inc., 440 Fourth Ave., New York, N. Y. 


Pr ice ^6. 


Based almost entirely upon researches 
conducted by the author and staff of 
the Photoelastic Laboratory of the Car- 
negie Institute of Technology, as well 
as the author's teaching experience, this 
volume contains the essential material 
for a thorough understanding, by any 
engineer, of the theoretical principles 
and experimental procedures necessary 
for the complete exploration of all 
two-dimensional stress systems by the 
method of photoelasticity. Engineers 
who have retained a working knowledge 
of differential and integral calculus and 
strength of materials will have no dif- 
ficulty in reading this text. 

The scope of the book is limited to 
fundamental principles and methods, 
and in the main confines itself to two- 
dimensional problems. The methods for 
plane stress analysis dealt with in this 
volume are based entirely on the stress 
pattern and the isoclinics. 

Engineers who are interested in the 
methods by which reliable non-destruc- 
tive quantitative stress analyses of struc- 
tural elements can be made will find 
this volume to be of great value. 


Industrial Plastics 


HERBERT R. Stmonps—Second Edi- 
tion, 397 pages, 6V5 x 914 іп. Illus- 
trated and indexed. Green clothboard 
covers. Published by Pitman Publish- 
ing Corp., 2 West 45th St., New York, 
V. Y. Price $4.50. 


Since progress in plastics is rapid, 
constant revisions are always necessary 
to keep any book on this subject abreast 
of the field. Recognizing this, Mr. Si- 
monds has carefully gone over his orig- 
inal text, published in 1939, (reviewed 
in the November 1939 issue of Propuct 
ENGINEERING, page 507). All tables and 
statistics have been brought up to date. 
the chapter on chemistry re-written and 
formulas revised. Also included are data 
on new plastics materials and a chapter 
on plastics in ordnance. 

Purposely, the author has principally 
concerned himself with the use of plas- 
tics as engineering materials. Thus the 
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text is made up of comprehensive data 
on how to design with the various plas- 
tics materials, while of secondary con- 
sideration to the design engineer, the 
chapters on molding practices and 
plant equipment are valuable back- 
ground material. 


Engineering Encyclopedia 


Two volumes. 1,431 pages, 6 x 9 in, 
206 illustrations. Published by The In- 
dustrial Press, 148 Lafayette St., New 
York, N. Y. Price $8. 

Packed into these two volumes is an 
amazing amount of mechanical engi- 
neering information, written in true en- 
cyclopedia style. Essential facts about 
1,500 standard and special engineering 
subjects are concisely treated in a few 
paragraphs, or in a few pages, depend- 
ing upon the importance of the sub- 
ject. All subjects are arranged alpha- 
betically, with cross references wher- 
ever necessary. 

Various important mechanical laws, 
rules, and principles; physical proper- 
ties and compositions of a large vari- 
ety of materials used in engineering 
practice; the characteristic features and 
functions of different types of machine 
tools and other classes of manufactur- 
ing equipment, and countless other sub- 
jects are included. These condensed 
treatises are accompanied by definitions 
of numerous trade and technical terms 
used in engineering and manufacturing 
practice. Historical discussions add to 
the interest of the subjects. 


Chip Formation, Friction, and Finish 


HANS ERNST AND M. EUGENE MERCHANT 
32 illustrations, 48 pages, 6x9 in. Published 


by Cincinnati Milling Machine Co., Cin- 
cinnati, Ohio. Available free. 


To anyone interested in the physics of 
metal cutting, this booklet will be of great 
interest. Mr. Ernst and Mr. Merchant in 
their extensive research have arrived at 
some quantitative relationships between 
chip formations, friction, and finish. Their 
research covered geometrical analysis of 
chip formation, friction investigations, 
photomicrographic examinations, and stud- 
ies of the action of cutting fluids. 

Their conclusion is that great advances 
in the field of metal-cutting may yet be 
made by developing means for further re- 
ducing the coefficient of friction between 
chip and tool. Additional research must be 


carried out to develop cutting fluids which 
produce low shear strength material at the 
chip-tool interface, even at very high speeds. 


Quenched and Tempered 
Nickel Alloy Steels 


Data Sheet Section Il, No. 4, 104 pages 
64x8% in. Published by International Nicke 
Co., Inc., 67 Wall St, New York, N. Y 
Available free. 

This revised section to International 
Nickel Company's “Nickel Alloy Steels” 
data book gives complete information cover- 
ing the effect of quenching and tempering 
nickel steels. After a general discussion of 
the properties of the various S.A.E. speci- 
fications, the booklet presents many pages 
of mechanical property charts, graphs show- 
ing effect of size of section on the tensile 
properties of quenched and tempered nickel 
alloy steels, and charts showing the tor- 
sional properties of quenched and tempered 
nickel alloy steels in different sizes. 


Textolite 


64 pages, 8x10} in. Published by General 
Electric Co., Pittsfield, Mass. Available free. 


To.those design engineers who want to 
pick up general information on phenol. 
formaldehyde and similar plastics, both 
molded and laminated, this introductory 
encyclopedia on plastics manufacturing is 
recommended. Each step in the manufacture 
is covered, from raw materials to the 
finished product. 

Of specific interest to the design engineer 
are the chapters covering designing and 
engineering, mold making, and industrial 
designing. Properties of Textolite molded 
and Textolite laminated are presented in 
chart form in the two final chapters. 


Design and Rating of 
Cone-Drive Worm Gearing 


Catalog CW41A, 44 pages, 9x11 in. Pub- 
lished by Cone-Drive Div., Michigan Tool 
Co., 7171 E. McNichols Rd., Detroit, Mich. 


Available free. 


This design and rating manual for design 
engineers includes complete specifications 
of standard blanks for worms and wheels, 
tables of all sizes of ratios for which tool- 
ing is available, and charts and formulas 
for computing stresses, loads, horsepower 
ratings, and gear proportions and design. 


Crank Mechanism Factors 


Levi B. Smitr- 20 pages, tables, 6x9 in. 
Available from author, P.O. Box 317, Hamp- 
ton, Va. Price 40 cents. 


Displacement, velocity and acceleration 
factors for reciprocating motion, based on 
exact formulas, are tabulated to fill a need 
for data over a wider range than the author 
has found available heretofore. Factors 
correspond to L/R ratios from 2 to 6, where 
L is connecting-rod length and R is crank 
length. All factors are given to four places 
and the increments aie chosen to make 
interpolation linear for any given crank 
angle. Examples are worked out to show 
how the tables are used. 
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PRODUCT ENGINEERING 


HANS 


DEFINITIONS APPLYING To ROUND STEEL WIRE 
D = mean diameter of coil in inches 
d = wire diameter in inches 


(P = safe load for a given stress S) 


(L = solid length of acting coils and f = total deflection 


Basic FORMULAS 








8 NDP ; í ; 
EB е == where N — number of acting coils 
G d G — 11,500,000 
¢ CAN T d*S 
2) P= 8DK 
L. &6-1,005 . E 
3) K= rz : where c — 


K = Wahl’s correction factor 


DERIVATION OF EQUATIONS FOR P,-CURVES 
Solve Equation (2) for D, let S = 100,000 and substitute 
Р, {ог Р. Тһе resulting equation is: 


1 1 
== ә Б м É 
D = 1250 r . 5- Ko 
which in the logarithmic form is: 
(12,500 х) 
log D = 3 log d + log} — 
P 


1 





— log K 


Except for the correction factor K this is the equation for 
a straight line on logarithmic coordinates. It will be noted 
that the P, lines on the chart are not quite straight. 


DERIVATION OF EQUATIONS FOR y-CURVES 
Solve Equation (1) for D after substituting L/d for N and 


y for LP/f 


_ g4 11500,000 — // 
Sy 


D 


which in the logarithmic form is: 


5 1 11,500,000 
log D — 3 log d + $3 log E" 
This is the equation for a straight line on logarithmic 
coordinates. Variations of y give the set of y-lines on the 
chart. 
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HELICAL SPRING SELECTION CHART 


А. 


REFERENCE BOOK SHEET 


ILLING 


APPLICATIONS OF THE HELICAL SPRING CHART 


(1) Round Steel Wire: 


Only the equations for P, and y need be used with the 
chart. Example: 

Р = 160 Ib. 

S — 80,000 Ib. per sq. in. 


f — 2 in. (under load of 160 Ib.) 
The compressed length of the spring must be 5 in., from 
which it is estimated L = 3.75 in., allowing 1.25 in. for 
the two end coils and for clearance between coils. 
m _ 100,000 4a, _ 
Then P, — 80,000 ' 160 — 200 Ib. 
у = 8.75 . = = 300 


- 


The intersection of these P; and y lines are at the point 
where D — 1 in. and d — 0.185 in. (approx. ў; in.). 


(2) Round Wire of Other Material: 
Proceed as above except that the y equation becomes: 





11,500,000 160 11,500,000 
- T. M5. Ium — E. 2 
" G "T G 
If G = 10,500,000 y = 328.5 
Р, = 200 
р = .96 and d= .182 
(3) Square Steel Wire: 
94,250 94,250 
е Е P. EE — 188.5 Ib. 
Р, S 80,000 160 — 188.5 Ib 
у = 0.695 L ; = 0.695 . 3.75 . 100 = 208.5 
(assuming d becomes the thickness of square section) 
D = 1.1 in. d = 0.1825 


(4) Square Wire of Other Material: 
94,250 


P, = = P (same as above) 
ads — L 7 - sama . 300 


Using the same assumed values as before 


904,250 
>, = oL . 160 = 188.5 bb. 
Р, 80,000 160 — 188.5 Ib 
_ 8,000,000 NP. 228.5 
у == 10,500,000 . 8.75 . 2 440.0 
D = 1.125 and d = 0.185 
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D = Mean diameter of coils 
d = Diameter of wire 4 

= Safe load at 100, 000 Ib./sq.in. stress 
у = Load factor 
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Look Before Leaping At Sub-contracts 


Now that the “spread-the-work” program is well under 
way, many small and medium-size plants are seeking 
and obtaining defense contracts. The urge to get arma- 
ment business comes from two directions. Їп past 
months O.P.M. preached sub-contracting and even put 
on pressure to impel or compel sub-contracting. But 
today in many cases there is no need for O.P.M. to exert 
pressure. Priorities are forcing many companies to 
choose between getting into the "defense business" or 
shutting up shop for lack of materials. The choice is 
obvious, but that has created the danger that companies 
will rush into defense work with undue haste. Some 
have done so already. 


It need not be proved that many of the drawings of 
parts and assemblies for armament designs are incom- 
plete, ambiguous, or contain errors. In the rush to 
complete the drawings, many draftsmen were hired. 
Even squad bosses and assistant chief draftsmen in 
some of the hastily organized engineering departments 
are men of limited experience. This is no criticism. 
Such conditions are bound to develop when organiza- 
tions are hastily assembled, almost overnight. 


With draftsmen of limited experience, with a scarcity 
of competent supervisors, with tremendous pressure be- 
ing put on the engineering department to finish the 
drawings quickly, imperfect drawings must be expected. 
Therefore, before a sub-contractor accepts a defense 
order, he should turn the drawings over to his own 





engineering department for a complete detailed study and 
analysis of the parts, assemblies and specifications. 


A study of the drawings for a defense job should 
include more than a careful check of all dimensions. 
The quality of all surface finishes should be designated 
specifically in terms that the production shop of the 
company concerned will understand. The part should 
also be analyzed with respect to its assembly in the 
completed machine. Surfaces and edges from which 
dimensions are to be gaged, should be indicated. Heat- 
treatments should be noted on the drawings. Not until 
such an analysis has been made thoroughly, should the 
drawings be O.K.'d for the use of the estimating and 
production departments. 


Some companies that took sub-contracts without mak- 
ing a careful study are already finding to their sorrow 
that many of the simple looking jobs are difficult to 
make and require production techniques for which they 
have neither the men nor the machines. The result is 
wasted time, effort and money. In many instances, it 
means a last minute hold-up on the completion of a tank, 
plane, gun mount or other important defense item. 
Everybody loses. 


It takes time, but in the end time and money will be 
saved if the engineering department of the sub-contractor 
digs out all the facts and data regarding the part or 
sub-assembly to be made, before the order is taken. 
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PHOTOELECTRIC CONTROLS 


Typical Applications for Industrial Equipment 





EART of all photoelectric con- 

trol equipment is the phototube. 

Of the several kinds available 
the gaseous, photomissive type has 
found most widespread usage in indus- 
trial control. This two-element photo- 
tube consists of a small rod-like anode 
and a relatively large semi-circular 
cathode sealed in a glass tube which is 
first evacuated and then filled with an 
inert gas, such as argon, at a low pres- 
sure. The cathode of the phototube is 
covered with a composite coating con- 
sisting of caesium oxide on silver to 
produce a light sensitive surface. Thus, 
when light falls on the phototube, elec- 
trons are emitted from the cathode and 
flow to the anode which is operated at 
a positive potential. The voltage cre- 
ated by this current flowing through a 
resistor is applied either directly to the 
grid or centrol element of a thyratron 
tube or is first amplified and then ap- 
plied te the grid of the thyratron, de- 
pending upon the sensitivity required. 


Westinghouse Electric & Mfg. Company 


The thyratron is merely a grid con- 
trolled rectifier tube which is capable 
of carrying current of the order of 100 
millamperes to 5 or 6 amperes. The 
output of this tube is then used to ener- 
gize a sturdy, industrial relay the con- 
tacts of which can be placed in the con- 
trol circuit of the equipment to be oper- 
ated whether the equipment be a motor. 
light, alarm bell, solenoid valve, or a 
magnetic counter. 

The photo-troller, commonly known 
as the “electric eye control” is one of 
the simplest and most widely used of 
electronic control devices. Most people 
are familiar with its common applica- 
tions such as the opening of doors, the 
counting of people entering public 
buildings, and the automatic operation 
of drinking fountains. 

The photo-troller is simply a light 
operated switch. Fundamentally it 
usually consists of a phototube, an am- 
plifier tube, a thyratron tube and a con- 
trol relay circuit. These are all mounted 





Packages are counted as they pass along a conveyor line. Light source is at left and 
photoelectric relay at right. As many as 150 packages per minute may be counted 
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on an insulated panel housed in a sheet 
metal cabinet. Usually the phototube is 
mounted on the panel of the photo- 
troller but it may be placed in a photo- 
tube housing and extended from the 
photo-troller with 10 feet of shielded 
cable. This is done when the photo- 
troller cannot be mounted where de- 
sired because of its physical size and 
shape. Extensions up to 25 feet can be 
used in special cases. 

Photo-trollers, light sources, and 
phototube housings are available for 
indoor and outdoor service and for oper- 
ation over distances up to 200 ft. The 


Front panel of a photo-troller. The 
phototube is in the center to receive 
light passing through the rectangular 
slot in cabinet door. Relay performing 
the control functions is mounted on the 
panel at upper left 


equipment built for outdoor service and 
for operation over long distances is nat- 
urally more expensive than indoor equip- 
ment or equipment designed to cover 
short distances. The price of a com- 
plete photo-troller along with the light 
source and extended photo-troller hous- 
ing may range from $35 to $300 depend- 
ing upon the service for which it is de 
signed and the distance between the 
light source and photo-tube. 

Variation in the amount of light fall- 
ing on the phototube is necessary to 
operate the photo-troller. Light is fur 
nished by a source, designed to match 
the phototube housing, usually a 6-8 
volt automobile headlight lamp oper 
ating on a.c. supplied either by à 
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Sheet steel is inspected for small holes and cracks as the steel strip moves along the conveyor lines into the leveling rolls and 


out to the flying shear. 


trimmer 


Uncoiler 


Pin hole detector 
lamp housing, 


Pin hole detector 
marking device 


leveller 


7 ‘-Pin hole detector 
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Holes as small as 1/64 in. can be detected while the strip travels from 100 to 1,000 ft. per min. 


Under Over Pin 
gage gage holes 
Sheet classifier 


A typical tin shearing line showing the position of the pin hole detector 


winding on the photo-troller trans- 
former or by a small step-down trans- 
former. The light emitted can be 
transmitted directly to the phototube or 
can reach the phototube by reflection 
from some material such as paper, rub- 
ber, or fabric. 

The simplest photo-troller applica- 
tions usually use the transmitted light 
principle while the reflected light prin- 
ciple is generally used for “register 
regulator” applications. 

k When a person or an opaque object 
interrupts the light beam the amount of 
light falling on the phototube is 
changed. This causes a change of cur- 
rent in the phototube which is then 
amplified and sent to the grid of a thyra- 
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tron tube. The output of this tube ener- 
gizes a relay, the contacts of which can 
be used to control any desired electrical 
equipment. 

Some of the many other applications 
for the photo-troller are: to count auto- 
mobiles passing a point or articles mov- 
ing along a conveyor line in a factory; 
to weigh; to sort objects by size, shape 
or color; to protect operators of dan- 
gerous machinery such as punch presses 
and shears; to prevent material moving 
along a conveyor line from falling to 
the floor at the end of the line; to re- 
verse red hot billets in. steel mills; to 
prevent cranes from over-travelling; to 
stop circular casting machines directly 
over the mold; to control the level of 


liquids in tanks and to initiate flying 
shears in steel mills. Several interest- 
ing photo-troller applications are dis- 
cussed below in detail. 


Pin. Hole Detector 


The problem of detecting pin holes 
vz in. in diameter and smaller in strips 
of sheet steel traveling at speeds of 1,000 
ft. per min. would have been considered 
impractical, if not almost impossible, as 
recently as 5 years ago. Today a photo- 
electric control device known as the *pin 
hole detector" not only does this job 
unerringly but also marks the defective 
portion of the strip or initiates a 
*memory device" which later rejects the 
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particular sheet in which there is a hole. 

Formerly extremely brilliant lights 
were directed against the sheets from 
the lower side and workmen inspected 
the sheets for small holes as they moved 
along a conveyor line. This was a tiring 
task for human eyes to perform and, 
hence, it was necessary to have several 
inspectors working alternately in shifts 
of two or three hours. The maximum 
speed of inspection was approximately 
50 feet per minute. 

The photoelectric pin hole detector 
has changed this process considerably. 
Instead of inspecting the steel after it is 
cut up in sheets, the pin hole detector 
scans it while still in strip form, passing 
through the mill as fast as 1,000 ft. per 
min. A light source which throws a 
narrow but powerful band of light com- 
pletely across the strip is placed above 
the strip. and a phototube housing is 





One end of a paper roll is kept even 
during the winding process by this rotat- 
ing light beam scanner used with the 
slitter regulator. Light source and ro- 
tating lenses driven by a synchronous 
motor can be seen inside the cabinet. 
Photo-tube is shielded and mounted out- 
side the cabinet 


placed underneath it directly under the 
light source. If a hole is in the sheet, 
light passes through it and falls on one 
of the phototubes. The electrical im- 
pulse thus created is amplified and ap- 
plied to the grids of a thyratron tube 
which “fires” and operates a relay. This 
in turn may operate a warning signal, 
stop the mill, or initiate a marking de- 
vice, which marks the portion of the 
strip containing the pin hole. Later 
the strip is cut into sheets, those that 
are marked can easily be ejected by 
workmen, 

Occasionally the pin hole detector is 
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Schematic arrangement of mechanical cutting, feed equipment, and electronic register 
regulator equipment on a continuous feed wrapping machine 


used to initiate a “memory device.” 
This has the unique ability of “remem- 
bering” what section of the strip was 
defective, and when the sheet containing 
this defect is carried along the con- 
veyor line to a predetermined point the 
memory devices operate a solenoid 
which ejects it. 


Slitter Regulator 


Other specialized photoelectric equip- 
ment has become widely used in the 
paper-printing and packaging industry. 
When paper comes out of the processing 
mill it is wound onto rolls. Without 
some means of control, the paper feeds 
onto these rolls unevenly—the edge of 
the roll may vary as much as !5 in.— 
and later, when this paper is printed 
for labels or package wrappers, it feeds 
into the press unevenly causing an 
undue amount of waste between the 
printing and the edge of the paper. 

In many cases before the paper is fed 
into a printing press, it is unwound from 
the mill roll and rewound using a photo- 
electric positioning control to guide the 
paper evenly onto the rewind roll. This 
results in a roll one end of which is flat 
within + ** in. Considering that the 


paper travels from 500 to 2,000 ft. per 
min. the photoelectric unit must be 
sensitive and must be capable of rapidly 
making any correction necessary in the 
lateral position of the paper as it feeds 
onto the roll. 

The equipment for accomplishing this 
job consists of: a scanner, electronic se 
lective and power circuits, and reversing 
d.c. motor. 

The scanner houses the light source, 
the phototube, and a small synchronous 
motor. The synchronous motor drives à 
metal disk near the periphery of which 
are mounted four small circular lenses. 
These focus the light from a single light 
source mounted above the disk, onto the 
paper as four superimposed rotating 
beams. The composite beam is directed 
onto the edge of the paper as it passes 
over an idler roll, which is of a color 
opposite to that of the paper. The color 
differential between the roll and the 
paper causes the phototube to give an 
impulse as the rotating beam of light 
crosses the edge of the paper. 

Since there are four lenses rotating 
at 1,800 r.p.m., one impulse will occur 
every half cycle in respect to the at 
supply voltage. When the paper is in 


the correct position the lenses and the 
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scanner are adjusted so that an impulse 
will occur exactly at 90 deg. on the a.c. 
supply voltage wave. If the paper is 
moved to one side of the correct position 
the impulse occurs earlier and occurs 
later if moved to the opposite side. The 
electronic selector circuit is so arranged 
that an impulse occurring earlier than 
the 90 deg. position will cause a thyra- 
tron to supply rectified a.c. to run the 
d.c. reversing motor in one direction. If 
the impulse occurs later than the 90 
deg. position another identical thyra- 
tron will supply current and the motor 
will run in the opposite direction. The 
d.c. motor adjusts the lateral position of 
the unwind roll through a chain drive 
arrangement thus guiding the paper 
onto the rewind roll making one end of 
it very even. This system thus permits 
even rolls to be later fed into the press 
without danger of having the printing 
running off the paper. This considerably 
reduces the amount of waste which must 





А | be trimmed off and thereby reduces 
costs considerably. 
І When the printed designs are small 


it is usually advantageous to print a 
number of designs side by side across 
the width of the sheet. After printing 
it is necessary to cut between these de- 
signs and wind them into separate rolls 
for use in packaging machines. This 
operation, as well as trimming the bor- 
der of the design nearest the edge of 
the sheet. can be accomplished by using 
the same photo-electric device to guide 
the paper into the "slitter" and trim- 
ming knives. Here the edge of one 
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design is used to operate the photoelec- 
tric control. However, this cannot be 
done if the edge of the design is not a 
straight line. In this case a straight line 
is printed adjacent to the design and the 
slitter regulator operates from that. 

This slitting operation can also be 
performed at speeds up to 2,000 ft. per 
min., depending on the color differential 
between the roll and the paper, with 
accuracies of approximately + r of 
an inch. 


Register Regulators 


Now that the printed paper is 
trimmed and slitted into rolls it is ready 
to be used in a wrapping machine to 
wrap candy, bread, cigarettes or chew- 
ing gum, and many other items. 

Before the actual wrapping operation 
can be performed the wrapper must be 
cut from the roll with correct relation 
to the printing. This is accomplished 
by a photo-electric “register regulator” 
which continuously adjusts the position 
of the paper being fed into the cutter of 
the wrapping machine. The register 
regulator operates from small colored 
“register marks,” usually approximately 
1, in. by % in., printed at the edge of 
each wrapper. 

Two general kinds of wrapping ma- 
chinery are in use today, one using re- 
ciprocating feed and the other using 
continuous feed. Each of these requires 
a different type of photoelectric control. 
Since the continuous feed type is some- 
what the simplest and yet the fastest, 





Candy wrapping machine using photoelectric register régulator to position wrapper for 
cutting at proper time relative to printing. Register marks are at edge of wrapper 





only its operation will be described. In 
the continuous feed wrapping machine 
the wrapper is cut by a rotating knife 
which is driven by the main driving 
motor. The paper is fed into the cutter 
by feed rolls which are also driven by 
the main driving motor except through 
a mechanical differential. If the adjust- 
ing shaft of the differential moves in one 
direction the feed rolls momentarily 
speed up and push the paper ahead. If 
it moves in the other direction the paper 
is slightly retarded. When using the 
register regulator this is accomplished 
by having the control operate either a 
reversing d.c. motor, as in the case of 
the slitter regulator, or two solenoids to 
turn the adjusting shaft. 

The register regulator consists of a 
scanner, which includes the light source, 
phototube, and amplifier tube; the regu- 
lator proper containing the thyratron 
tubes to furnish power to the coils of a 
reversing line starter; and a reversing 
line starter to control the motor or 
solenoids used in moving the shaft of the 
differential. 


A rotating selector switch is also 


fastened to the shaft of the cutter. This 
selector switch is so adjusted that when 
the paper is in the correct position as the 
register mark passes under the scanner 
no starting impulse is conducted to the 
thyratron tubes in the control. But if 
the paper is ahead of the desired posi- 
tion, one of two thyratrons will carry 
current, operate the motor for an in- 
stant and retard the speed of the paper. 
If the paper is behind when the register 
mark reaches the scanner, the motor 
will be operated in the opposite direc- 
tion and the paper is forced ahead. If 
the paper is more than x» in. out of 
register, more than one correction must 
be made to correct it. 

This regulator may make as high as 
ten such corrections per minute thus in- 
suring that the cut occurs within + +» 
of an inch of the desired position. The 
color and size of the register mark de- 
termines the speed of operation. If the 
color differential between the paper and 
the mark is above 80 percent, a speed of 
1,200 ft. per min. may be obtained pro- 
viding the wrapping equipment will 
operate at that speed. On the other 
hand a color differential of 25 percent 
will allow a speed of only 300 ft. per 
min. Usually register marks with a 
differential of 20 to 40 percent will give 
satisfactory operation and yet not de- 
tract from the appearance of the finished 
product. 

This application is another excellent 
example of the lightning speed, the 
uncanny accuracy of the photoelectric 
devices, and the ability to perform a 
control operation with a saving result- 
ing from the reduction in waste and the 
increased speed of operation. 
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Modern Designs 





Thorough Redesign Job Eliminates 61 Parts 


Simplification, increased effi- 
ciency and less noise and vibra- 
tion were aims of General Elec- 
tric “engineers in redesigning 
their garbage “Disposall” — а 
unit for attaching to home sinks. 
Results: number of parts re- 
duced from 198 to 137; castings 
reduced from 17 to 13; weight 
reduced by 10 lb.; height re- 
duced by 4 in.; and in spite of 
reduced dimensions, waste stor- 
age space increased by 11 cu. in. 
Shredding element is more effi- 
cient, and vibration is reduced. 
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Twist top—* 
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~ Resilient moun ting 


Comparison of old and new de- 
signs illustrates extent of changes. Op- 
eration of the unit is as follows: Gar- 
bage is dumped in through sink flange, 
Twist Top is put in and turned to “on”, 
and cold water is turned on. Flow in- 
terlock in cold water line then closes 
circuit, starting motor. Impellers whirl 
garbage against shredding elements, 
and shredded pieces are washed out 
through secondary shredders into drain. 
Time required to dispose of average 
quantity is 1!5 min. 

The waste receiving compartment of 
the redesigned Disposall has larger di- 
ameter at base, increasing capacity and 
providing greater taper or relief for 
waste moving downward. Neoprene re- 
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silient gaskets of improved design iso. 
late vibration and noise. To facilitate 
installation, a slip joint between upper 
and lower castings permits 360-deg. ro- 
tation of lower unit. 

Impelling element now is mounted 
directly on motor shaft by left-hand 
screw threads. Formerly it was mounted 
on separate shaft driven through flexi- 
ble coupling, an arrangement requiring 
more parts and resulting in noise from 
eccentricity. Permanently lubricated 
Timken Roller main bearing is mounted 
in neoprene. Rotary seal is smaller 
and is designed so that any seepage of 
water is carried to the outside of the 
unit instead of into the bearing as hap- 
pened with previous designs, 








Resilient 
mounting 
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Twist top control element consists 
of high-grade bronze disk with molded 
phenolic resin handle and sealing disk. 
The unit seats against a tapered ground 
seat near bottom of flange opening. In 
this position the seat, which also seals 
the drain when desired, is protected 
from damage. Twist Top of previous 
Disposall was of stainless steel, and 
sealed in a recess in the top surface of 
the sink flange. Both Twist Top and 
seat could easily be dented, causing 
improper seating and sealing. 
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~ mounting 





Twelve shredding edges in new molybdenum-iron cast- 
ing, which lines entire lower housing, replace a single nickel- 
aluminum-bronze cutting surface inserted into easily eroded 
zine die-cast housing of previous design. Straining element 
consists of 45 vertical grooves set around base of casting. 
Two retractable impeller blades, rotating with flywheel at 
1,725 r.p.m., have been redesigned to give greater gouging 
and tearing action to shredded waste particles as they are 
washed into straining grooves. Blades are drop-forged steel 
heat-treated to 60 Rockwell C; previous blades were bronze. 
Edge of flywheel is smooth whereas in previous design it was 
notched, permitting jamming of hard particles between fly- 
wheel and grooves in wall. Flywheel is now of high-tensile 
cast iron instead of softer die-cast zine alloy. 
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Precision 
switch 


Flow interloek valve, plumbed into the cold water line, prevents motor from 
starting until more than 2 gal. per min. of water is flowing from the sink faucet and 
through the Disposall. Precision electric switch of the flow interlock is connected in 
the motor control circuit in series with the switch operated by the safety Twist Top. 
Both switches must be closed before the motor starts. 


Principal Changes in Specifications 





PREVIOUS PRESENT 
PART DisPosALL DisPOSALL 





Sink Flange Zinc die-casting, High-grade bronze, 


chromium plated chromium plated 





Supporting Ring Zinc die-casting High-grade bronze 





Formed sheet steel Cast iron with fibre 
gasket 


Clamping Ring 





Twist Top Formed stainless Bronze disk with plas- 


steel, zinc handle tics handle 


Shredding Element Ni-Al-Bronze insert Molybdenum-iron 
in zinc die-casting casting 





Impeller blades High-grade bronze Drop-forged steel, 


heat-treated 





Impeller Flywheel Zinc die-casting High tensile cast iron 





Main Bearing Tapered roller, 


grease annually 


Tapered roller, per- 
manent lubrication, 
resilient mounting 





Motor (1,725 r.p.m.) Capacitor type, Same type, higher 
l4 hp. i starting torque 





Changes in materials specifications, some of which are listed 
above, were dictated for nearly every part by the design study. 
Present specifications call for appreciable quantities of stra- 
tegic materials, principal among which are zinc die-casting 
alloy, bronze, and neoprene. General Electric Company al- 
ready have completed patterns and production plans for 
making the main housings of cast iron, if that should become 
necessary. Substitutes for bronze, neoprene and other mate- 
rials are difficult to find, because alternate materials are also 
hard to obtain. 
























MODERN DESIGNS — Hydraulic Brake Controls Tension 
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Uniform tension on a web of material being unwound 
from a parent roll is achieved in this tension unwinder of 
Johnstone Engineering & Machine Company, by looping 
the web over a “nerve roll.” Changes in the tension of the 
web cause the nerve roll to move, actuating a hydraulic bel- 
lows system which in turn actuates the hydraulic brake 
coupled to the parent roll. The nerve roll is mounted in 
roller bearings on a pinion shaft which rolls on tracks at each 
end of the frame. Racks engage pinions on the shaft to keep 
the nerve roll aligned. Pull of the nerve roll is regulated by 
adjusting springs or weights attached at one end. 
Mountings for the parent roll shaft are designed to speed 
loading and unloading. The bearing at the brake end is of 
the split type, quick opening and self locking; at the other 
end is an open bearing. The parent roll shaft is connected 
to the brake by a twist coupling which requires less than a 
quarter turn to unlock. Adjusting screws operated by hand 
knobs permit quick alignment of the bearings. To simplify 
threading up the web. a lever releases brake pressure. 
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Hydraulie brake which controls the speed of the un- 
winding roll is actuated through a differential reduction gear 
which transmits the movement of the nerve roll to master 
bellows mounted at one end of the nerve roll. Copper tubing 
connects master bellows with relay bellows at the brake. 
Hydraulic element is a low viscosity oil. The relay bellows 
engages a roller bearing mounted lever and eccentric which, 
in turn, engages the free member of the disk brake. The 
fixed members of the brake are bolted to the frame of the 
stand. The hydraulic braking control system is so sensitive 
that 14% lb. tension on the web will produce a pressure of 
1.200 lb. on the brake. 

Brakes are of the air-cooled type on machines for han- 
dling light and medium-weight papers, fabrics, imitation 
leathers, rubber, and rubberized fabrics. A water-cooled 
brake is necessary for heavier materials such as boards up to 
20 points thick. Speeds depend upon the material being 
handled and the width of the roll, the maximum for the 
air-cooled brake being 700 ft. per min. 


Fan Bases Revert to Cast Iron 


Cast iron base substituted for a zinc 
alloy die-casting in this Westinghouse 
electric fan saved approximately 3.7 lb. 
of zinc, or 50 per cent of the total 
amount of zinc used in the original 
design. Fan bases used to be made of 
cast iron, but the cast material was 
dropped before the advent of stream- 
lined design. Therefore, the design was 
slightly changed and special foundry 
technique had to be developed for the 
streamlined bases. The pattern has to 
be drawn carefully from the mold to 
prevent ragged edges. Certain parts of 
fan housings have also been changed 
from die-cast zinc alloy to drawn steel. 
Blades are almost all of phenolic resin. 
Rotors in the motors have been changed 
from die-cast aluminum to fabricated 
copper. 


Zinc alloy 
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die-cast base 





Cast iron 
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Substitution of aerylie resin for 
cast aluminum in the housing of this 
electric fence controller produced by 
W. Haddon Judson Company, released 
4% 1b. of the strategic metal per case. 
In addition, cost was reduced from 
$3.45 to $1.85 per piece. 

The plastic sheets are drawn to shape 
in molds costing a fraction of molds 
required for cast aluminum. Metal 
housing required extra plastic and por- 
celain insulation parts which have been 
eliminated by the high dielectric 
strength of the new plastic case. Letter- 
ing is applied to the inside of the trans- 
parent acrylic resin by decalcomania, 
following which the inside is given a 
coat of enamel. 


Aerylie Resin Replaces Aluminum in Housing 


Plastics 
housing 





Aluminum 
housing 


Monel, Beryllium Copper Conserved 


\ Shaking rail 
| 507/795 


Corrosion was main factor in de- 
termining a suitable alternate for Monel 
in the Save-All pans of Rice Barton 
Corporation paper-making machinery. 
These pans collect and carry off “white 
water” drained from paper stock. Some 
solutions contain traces of dilute and 
hot (112 deg. F.) sulphuric acid. Rice 
Barton has been experimenting with 
silicon bronze for five years and found 
that it compared favorably in service 
with the nickel alloy, but the finish was 
not as attractive. Cost of bronze pan is 
less than that of a Monel pan. Hot 
tolled, specially cleaned silicon bronze 
is specified. The bronze must be clean 
for welding, otherwise silicon dioxide 
forms and spoils the weld. Silicon 
bronze sheets do not readily weld to 
cast brass or cast bronze parts, so silver 
solder or riveting is used. 
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Large flat springs designed to sup- 
port the shaking rail of paper-making 
machines were formerly made of 
beryllium copper by Rice Barton Cor- 
poration, but now are being made of 
laminated phenolic plastics. The shak- 
ing rail, as shown at right, mounts rolls 
which support the wire. This entire as- 
sembly oscillates from side to side with 
a maximum deflection from center of 
За in. Maximum number of oscilla- 
tions are 500 per min. Four flat strips 
of beryllium copper, each 4 in. thick. 
arranged in pairs were bolted to shak- 
ing rail and base in previous design. In 
alternate design, the spring is one strip 
of Micarta Grade 200, 9$ in. or ! in. 
thick and wider than the metal spring. 
Plastic springs are backed up with a 
patented rubber mounting in order to 
reduce bending stress concentration. 
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Ice-cube compartment door оп Westinghouse “Betsy 
Ross” refrigerator was formerly made of aluminum and 
plastic, is now made of porcelain enamel and plastic. 
Plastic center panel remains the same (polystyrene) and is 
attached to the porcelain enamel by heading over with a 
hot iron eight integrally molded studs which project through 
holes in the metal. Hinges on this door were also redesigned. 
Formerly mounted on a rod extending through the rolled 
back edge of the aluminum, each hinge is now mounted on 
a separate stamped bracket which is spot welded to the 
steel door before enameling. 


Substitute finally accepted for 
aluminum ice-cube tray in Westing- 
house refrigerator is an all-rubber tray 
with a tinned wire inserted as a handle 
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and backbone. Dessert tray of the re- 
frigerator has also been changed from 
aluminum to a standard size porcelain 
enamel pan. 


Removable evaporator shelf, formerly of aluminum 
as shown in the left view, is now made of copper electro. 
plated with tin. Switch to copper created an assembly 
problem which was solved by redesigning the shape of the 
shelf. In assembling, the flanges on the aluminum shelf could 
be easily bent by hand to make a perfect fit in the ice cubes 
compartment. A shell made of copper. brass or steel is too 
stiff to bend, so the part had to be made without high flanges 
so that it could easily be dropped into place. Formed grooves 
which were incorporated in the aluminum shelf for strength 
were not necessary in the copper shelf. 


SPECIFICATION PLATES and name plates 
on Westinghouse refrigerators were for- 
merly made of sheet aluminum 215x114 
in. in dimensions, and weighing 0.0095 
lb. Tests made on possible substitutes 
showed that tinned steel plates were 
quite liable to rust, but tinned copper 
plates were satisfactory. 


TWINE FOR TYING END TURNS on re 
frigerator motors was formerly made 
from high grade flax. When flax became 
difficult to obtain, Westinghouse re 
search men reviewed all other possible 
materials and finally picked a high 
grade cotton twine which had little fuzz 
and High strength. 


NICKEL IS BEING ELIMINATED from re- 
frigerator finishes. Tin or cadmium 
plating is being substituted on steel 
hardware, but cadmium plating can be 
used only where parts do not come in 
contact with foods. Where corrosion is 
a real hazard, nickel-chromium plating 
is retained, or a baked clear finish is 
applied over chromium plating. Gal- 
vanizing is being replaced by bonder- 
izing and baked enamel. 


CHINA has been substituted for stainless 
steel in the tops of Westinghouse water 
coolers. 
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FABRIC ATTACHMENTS -1 


Test Results and Specifications for Improved Lacing 


ODERN AIRPLANES are bet- 

ter performing, safer, and 

cheaper than those of ten years 
ago because a vast amount of study has 
been applied to materials, engines, fuels, 
structure, streamlining, and a thousand 
other details. But little attention has 
been devoted to the number-one load 
carrier, the wing covering. Wing assem- 
bly drawings faithfully specify each 
structural detail to the exact number of 
rivets, but frequently indicate fabric 
covering by a simple note such as 
“Cover and Dope,” leaving all details 
to the discretion of the cover and dope 
shop personnel. 

A recently completed research on the 
strength and properties of cover mate- 
rials and methods of their application 
and fastening has yielded much new 
information which makes possible the 
rational design of their more efficient 
attachment. The study was confined to 
the laced type of attachment using 
standard materials and the investiga- 
tion was resolved into the following 
main divisions: 

l. Strength of the component mate- 
rials. 

2. Factors which influence the 
strength of laced attachments. 

3. Most efficient design of the laced 
attachment. 

4. A convenient method for estimat- 
ing the strength of attachment required 
for any given airplane. 


Materials investigated were as follows: 


(a) Standard “Grade A” mercerized 
cotton airplane cloth—4 oz. per sq.yd. 
max., both warp and filling .80 lb. per 
in. tensile strength. 

(b) Lacing cords of 9-ply and of 11- 
ply linen with minimum strength of 59 
and 70 lb.. respectively. in the unwaxed 
condition. 

(c) Standard reinforcing tape in va- 
rious widths used between fabric and 
lacing over ribs. 

(d) Finishing or surface tape made 
from grade HH balloon cloth predoped. 

(e) Finishing or surface tape made 
from Grade A airplane cloth, both pre- 
doped and undoped. 

(f) Nitrate dope—clear and pig- 
mented, 

In analyzing the causes of cover 
failures it is a mistake to assume that 
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the materials in place on the airplane 
will show the same strength as that 
specified in the individual procurement 
specifications. Since the ultimate aim 
of all testing is the correlation of known 
properties of components to the per- 
formance of the complete structure, it 
is necessary to test each individual ma- 
terial under conditions simulating as 
far as possible the actual loading con- 
ditions existing in the airplane. It is 
then possible to estimate the strength 
of an assembly and predict the weak 
points. 

Let us consider first the Grade A 
cloth. It averages 80 to 90 lb. per in. 
width in the undoped condition. By 
application of six or seven coats of 
nitrate dope this strength is raised to 
approximately 125 lb. per in. or an 
increase of almost 50 percent. The 
tension in the cover caused by shrink- 
age in doping is approximately 15 to 
20 lb. per in. for average tautness. The 
maximum tension which is likely to be 
induced in a safe cover by air pressure 
during flight is approximately 70 1b. 


Reinforcing fape- Stitch tie-off 
FON knot 
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Fig. 1—Conventional cover assembly in- 
cludes a reinforcing tape between the 
fabric and the lacing which more than 
doubles the strength of the cover cloth 
in resistance to tear by the lacing cords 


per in. The sum of these tensions (20 
plus 70), 90 lb., being considerably less 
than the strength of the doped fabric, 
it is concluded that no improvement is 
called for in the tensile strength of the 
standard Grade A cloth. The action of 
the dope, however, has just the opposite 
effect on the tear resistance, causing a 
reduction from 8 lb. undoped to 2.5 
lb. doped, or approximately 75 percent. 
These figures represent the average 
load required to continue a tear across 
either warp or filling as measured in a 
fabric testing machine. 

By analyzing the path of the loads 
passing from the cover on the upper side 
of the wing into the ribs, it will be 
seen that the fabric is stressed by the 
lacing cords in such a way that the 
critical avenue of failure is by tearing 
between lacing holes on opposite sides 
of the rib capstrip. As shown in Fig. 1, 
the conventional cover assembly in- 
cludes a reinforcing tape on the fabric 
over each rib, and against which the 
lacing cord bears in taking the load 
from the cover. This reinforcing tape 
more than doubles the strength of the 
cover assembly to resist pulling away 
from the lacing cords. Nevertheless, as 
will be pointed out later, the critical 
factor in this cover assembly with the 
reinforcing tape is its resistance to tear- 
ing at the lacing points. 

Lacing cord, 9-ply linen, which shows 
a tensile strength of 60 lb. in the fabric 
testing machine, will fail at a load of 
20 lb. in the typical cover assembly 
shown in Fig. 1. Tests to determine the 
causes of this reduction of 66 percent 
in the actual performance value of the 
material as compared to its design 
strength have been made on both the 
9-ply and ll-ply linen cord of the 
standard lock-stitch-twist type, and also 
braided linen, braided cotton, cabled 
cotton, and  lock-stitch-twist cotton. 
From the results of these tests, the fol- 
lowing conclusions as to the material 
and method of use most suitable for 
cover lacing have been derived: 

(a) The lock-stitch-twist linen cord 
is the best adapted to all around use in 
rib-sewing. Cotton is too weak, and 
braided linen too bulky. On account of 
its greater strength, 11-ply lock.stitch- 
twist linen cord is recommended in pref- 
erence to 9-ply. The slightly greater 
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size and weight of 11-ply is not consid- 
ered objectionable. 

(b) Linen cord should be hand 
waxed by pulling it four to six times 
over a block of beeswax before rib- 
sewing. Unwaxed linen cord will fray 
and ravel excessively during sewing. 
Impregnation with liquid wax, hot 
waxing. causes a reduction in strength 
of approximately 15 percent. Hand 
waxing decreases the strength approxi- 
mately 6 percent, which is not con- 
sidered serious in view of the other 
advantages. The four to six passes over 
the block of beeswax increases the 
weight of the cord about 10 percent. 

(c) The breaking strength of 9-ply 


59-lb.. linen cord, without knots, under 


a sustained dead load is about 30 lb. 
The breaking strength of 11-ply. 70-lb.. 
linen cord, without knots, under sus- 
tained dead load is about 35 lb. Failure 
may occur within a few minutes or 
after several hours but it would be un- 
safe to rely on strengths greater than 
the above. 

(d) When a loaded cord passes over 
the edge of a supporting structure, mak- 
ing a 90 deg. bend, the developed 
strength decreases with decreased radius 
of the edge. In order to develop at 
least the dead load value of the cord, 30 
lb. for 9-ply and 35-lb. for 11-ply, the 
radius of the edge should not be less 
than 0.030 in. Failure in tests will 
occur almost invariably at the edge. 

(e) The presence of a knot in a 
loaded length of cord reduces the 
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Fig. 2—Bottom view of blow-off box showing close-up of the 
failed stitching after the test. The stitches failed at the tie-off 
knots which were at the side on the top surface—the least 


efficient position 
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strength to approximately 50 percent 
of its rated or nominal strength as de- 
termined in a fabric testing machine. 
This is due to friction and concentra- 
tion of stress. 

(f) The endurance strength of linen 
cord when tested for flexing over a 
pulley in the manner of a cable varies 
inversely to the amount of wax in the 
cord. This test is not relevant to wing 
covers but is indicative of the effect of 
hot waxing. The wax is believed to act 
as a lubricant between the fibers. 

(g) The abrasion or wear inflicted on 
hand waxed cord when passing through 
the fabric during rib lacing has a neg- 
ligible effect on its strength. 

Having accepted, let us say, 11-ply 
linen cord as the material for rib sew- 
ing, the designer should give careful 
consideration to the above factors af- 
fecting strength in order that the full 
realizable load carrying capacity of 
the cord may be developed when in 
place on the airplane. With this knowl- 
edge of the actual performance char- 
acteristics of the cord, and knowing the 
tensile strength and tear characteristics 
of ihe fabric, we are prepared to pro- 
ceed with an analysis of the laced type 
of cover attachment. 

In Fig. l is shown a cross-section 
through a typical rib with a laced cover 
attachment of the conventional as- 
sembly using “through” type lacing in 
which the stitch loop passes completely 
around the rib, with the stitch tie-off 
knot (one per stitch) placed at the 


Reinforcin 
a 0 


Cover cloth-----._ 





side of the reinforcing tape. Ап alter. 
nate and sometime preferable method 
of lacing is to pass the cord only around 
the capstrip instead of around the 
whole rib, as shown by the dot and 
dash lines in the illustration. This re. 
duces the length of loaded cord to such 
an extent that the elongation is neg. 
ligible, that is, the amount of elonga- 
tion of the cord produced by the air 
load on the upper surface will not be 
sufficient to permit the cover to leave 
the capstrip. However, the application 
of this type of lacing is more difficult 
and, in the case of solid web ribs, im- 
possible. When obstructions occur 
which prevent the needle being passed 
around the capstrip, the stitch must be 
made around the entire rib, thus intro- 
ducing undesirable variations in the 
continuity of the attachment. It is con- 
cluded that for general use the stand- 
ard continuous type in which each 
stitch around the whole rib is tied-off 
independently is the most satsifactory. 

In Fig. 3 the cover is shown dis- 
torted, somewhat exaggeratedly, as 
would result from the air pressure in 
flight. It is evident that the fabric is 
more severely stressed on the upper 
surface because there the reaction is 
concentrated at the cord crossing the 
capstrip, whereas at the lower surface 
the fabric is pressed against the cap- 
strip over its full length, causing no 
load in the lacing cord, this in addition 
to the fact that the negative pressure 
(induced lift) on the top surface 
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Fig. 3—In flight the air pressure distorts the covering, as 
shown above exaggerated. Negative pressure on the upper sur- 
face tends to lift off the fabric; positive pressure on the 


lower surface presses the fabric against the capstrip 
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Fig. 4—A simple and inexpensive apparatus, called blow-off box, for testing wing 
cover fastenings under conditions simulating flight service. The drawing above gives 
the details of its construction; the picture shows a cover under test. Note the curva- 
ture of the lines caused by the cover being bulged between the ribs by the pressure 


n 


greatly exceeds the positive pressure on 
the lower surface. The load per lacing 
stiteh due to the negative pressure on 
the top surface is calculated as follows: 


Stitch load = r x p xs 
where r =rib spacing in inches 


p = ultimate design pressure on 
upper surface in lb. per 
sq. in. 


s = stitch spacing in inches 

stitch load 

The load per single cord = XE. 
At each stitch the stitch load acts to 


either tear the fabric across the cap- 
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strip and between adjacent stitches or 
to break the lacing cord, depending on 
which is critical. The only satisfac- 
tory method of isolating each factor and 
disclosing which part of any complete 
assembly is weak, and of determining 
how to strengthen the weak points, is 
to actually test the cover assemblies 
under conditions simulating flight 
service. 

Tests on a complete wing are im- 
practicable due to the expense and dif- 
ficulty of sealing-off to control the ap- 
plied air pressures. A simplified and 


inexpensive set-up which has proved to 
be entirely satisfactory for this pur- 
pose is shown in Fig. 4. This arrange- 
ment consists of a rectangular wooden 
box about 5 in. deep with a rib cen- 
trally secured along the long axis. The 
rib contains openings to permit equal- 
ization of pressure on both sides. The 
distance from the rib to the sides of the 
box corresponds to the rib spacing of 
the airplane wing represented. The 
ratio of the length of the box to the rib 
spacing should not be less than 7 and 
should be such that the support sup- 
plied to the fabric by the ends is neg- 
ligible over the middle half of the 
length. 

Grade A airplane fabric is applied 
over the top, tacked to the sides, and 
attached to the rib by the particular 
method of lacing which it is desired to 
study. The covered box is then dope 
finished, including the application of 
surface tape over the lacing, the same 
as for a wing. An airtight cover is 
screwed or clamped to the bottom of 
the box, thus producing a pressure 
chamber. Air pressure is introduced 
through an air line connection on the 
side and the resulting pressure is meas- 
ured by means of a mercury manome- 
ter. A strong wooden frame of the 
same inside dimensions as the pressure 
box is secured firmly by clamps on top 
of the fabric in order to prevent bulg- 
ing of the surface beyond the inside 
edges of the box. Thus the conditions 
created by the negative air pressure 
on the top surface of a wing in flight 
are simulated. During the test, the 
pressure is introduced gradually until 
failure occurs, at which time the height 
of the manometer column is read and 
recorded. 


Pressure Tests of 
Laced Attachments 


Over one hundred blow-off tests were 
made as part of the investigation, the 
majority of which were based on the 
use of a % in. wide capstrip, a rib 
spacing of 6 in. and a stitch spacing of 
l in. The conventional laced cover as- 
sembly shown in Fig. 1 was found to 
fail consistently at a pressure of about 
6.3 lb. per.sq.in. which, with 6 in. rib 
spacing and 1l in. lacing spacing, cor- 
responds to a stitch strength of 38 lb. 
or a developed cord strength of 19 Ib. 
Failure occurred by tearing of the 
fabric across the capstrip between lac- 
ing holes of the same stitch and parallel 
with the capstrip between adjacent 
stitches. All the ll.ply lacing cords 
were intact, indicating that they had 
not been stressed up to 30 to 35 Ib., 
their critical strength. 

As a means of strengthening the weak 
point in the cover assembly, that is, the 
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tear resistance of the fabric over the 
capstrip, a new cover was assembled in 
which a strip of Grade A fabric with 
pinked edges, that is, edges cut wavy, 
was applied between the cover and the 
regular reinforcing tape. In this as- 
sembly the lacing passes through two 
thicknesses of Grade A fabric instead 
of one. The method of lacing, includ- 
ing the position of the knot, was the 
same as for the conventional method. 
This assembly failed at an average 
stitch load of 41 lb. by failure of the 
cords at the knots accompanied by some 
tearing of the fabric. The improve- 
ment was about nine percent over the 
conventional method, but the developed 
cord load of 20.5 was still far short of 
the 30 lb. known to be obtainable. Ex- 
amination of failed specimens indi- 
cated that stress in the cord was con- 
centrated at the knot on the side of 
the reinforcing tape and also that the 
knot bearing on the fabric tended to 
enlarge the lacing hole and start a 
tear. It was concluded however, that 
the Grade A strip, called the anti-tear 
tape, between the cover and the rein- 
forcing tape, was an efficient reinforc- 
ing member and should be retained as 
part of an improved assembly. 

In order to relieve the load on the 
tie-off knot, the reinforced cover was 
assembled with the knot placed along 
the center line of the reinforcing tape 
instead of at the side. This assembly 
failed at an average stitch load of 56 
lb., or a developed cord load of 28 1b., 
representing a total improvement of 
about 47 percent over the conventional 
assembly, which was still somewhat 
short of the possible 30 lb. Failure was 
by rupture of the lacing at the tie-off 
knots. It was noted during tests of 
these last assemblies that the cover 
raised from the capstrip and allowed 
the cord to squeeze the reinforcing tape 
and in general to disturb the position 
and fixity of the tie-off knot. 

To overcome this, a reinforced cover 
was assembled with the tie-off knot 
placed along the middle of the bottom 
capstrip where it would not be dis- 
turbed when under load. In the test 
box it was necessary to cover the bot- 
tom surface the same as the top in 
order to obtain the benefit of the cement- 
ing and fixing action of the dope on 
the knot. This assembly, shown in Fig. 
9, failed at an average stitch strength 
of 60 lb. showing an improvement of 
almost 58 percent over the conventional 
assembly. The developed cord load of 
30 lb. equalled the maximum that 
could be expected and failure occurred 
in both the cord and fabric, indicating 
that neither was critical compared to 
the other. One other feature of the 
last two reinforced assemblies which 
contributed to their increase in effi- 
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ciency was the fact that the standard 
reinforcing tape was applied and se- 
cured under initial tension, approxi- 
mately 20 lb. It was found that this 
initial tension reduced the distortion 
of the cover between stitches when un- 
der pressure, thus providing a more 
uniform reaction for the cover. 

Thus, it is conservatively estimated 
that a laced wing cover attachment re- 
inforced and assembled as for the last 
test described above, should show ap- 
proximately 50 percent increase in 
strength over the conventional type. It 
may be observed that this increase is 
obtained with negligible increased 
weight as represented by the use of 
11-рІу сога апа the 11% in. wide Grade 
A anti-tear strip over the top capstrip. 

The investigation was continued to 
obtain data on other factors affecting 
the strength of the attachment so that 
strengths could be calculated for other 
designs differing in detail. It was dem- 
onstrated that the strength is directly 
proportional to the closeness of the 
stitch spacing within the range of 14 
in. to 4 in. A stitch spacing greater 
than 4 in. is not recommended, how- 
ever light the load. In places where ex- 
traordinarily high attachment strength 
is required, such as at a rib adjacent 
to a large gap caused by the presence 
of a tank, it may be obtained by sub- 
stituting a light metal strip in place of 
the standard reinforcing tape and rib 
sewing with a double stitch in place of 
the single. If the metal reinforcing 
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Fig. 5—This assembly failed under test 
when the average stitch load reached 60 
lb., an improvement of almost 58 percent 
over the conventional assembly 


strip is regarded as objectionable, dou- 
ble reinforcing tape may be used in- 
stead. 

The strength values noted above were 
obtained with the use of l5-in. wide 
reinforcing tape over ribs with %-in, 
wide capstrips. The attachment strength 
obtainable with narrower tape over 
narrower capstrips will be somewhat 
less. Another detail of refinement 
which contributes to a more efficient 
attachment is the introduction of initial 
tension in the lacing cords during lac- 
ing. This is accomplished by tighten- 
ing each stitch-loop to a tension of 3 to 
10 Ib. and holding the tension until thé 
tie-off knot is secure. This results in 
a firm hold-down which tends to pre. 
vent lifting of the cover from the cap- 
strip during flight. Initial tension does 
not decrease the load carrying ca- 
pacity of the cord because additional 
stress is not introduced until the orig- 
inal has been exceeded. Those respon- 
sible for this work should investigate 
the bending strength of the capstrips 
to assure that the loads induced by 
initial lacing tension will not impair the 
strength of the rib. 

Too much emphasis cannot be placed 
on the necessity for uniformity in all 
details of the laced attachment. Due 
to the elastic nature of the materials, 
an excessively tight stitch, or a normal 
stitch adjacent to slack stitches, will re- 
ceive considerably more than its proper 
share of the load and thus cause failure 
to occur at much less pressure than 
anticipated. With this purpose in view 
it is recommended that the lacing be 
started usually just aft of the front 
beam, with a stitch of double strength. 
that is, a stitch made with two loop 
of cord around the rib. | 

It was found to be more efficient tt 
apply the anti-tear tape, with very 
slight tension, on a wet coat of dope 
brushed either over the’ whole surface 
or only along the capstrips. Having the 
anti-tear tape cemented to the cover 
before lacing greatly simplifies the 
mechanics of finding the awl holes 
with the lacing needle. Awl holes 
punched through the anti-tear tape and 
the cover should be placed as near as 
possible to the capstrip to relieve un- 
necessary tearing strain on the cover. 
In all places where the cover is likely 
to be subjected to hard wear, such as 
flying gravel, being walked on, etc., it 
is recommended that Grade A surface 
tape be used over the lacing instead of 
the tape made from HH balloon cloth. 


Epiror’s Note: In the concluding 
article, which will appear in December 
P.E., the author presents a graphical 
solution for determining stitch spacing 
and summarizes the recommended prac 
tice for applying wing coverings. 
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Causes and Cures 







Failure of porcelain enamel in this piece was caused by 
improper design of the cutout in the flange. The sharp, right- 
angled cutout weakened the flange and consequent chipping 
or hairlining was started in the corner. Corners of all cut- 
outs in porcelain enameled sheet steel should be well rounded. 
In designs where flange notches or cutouts cannot be avoided, 


corners of openings should be rounded with 14 in. or larger 
radius in order to add strength to resist flexing. 





cansu -Cockpit 
inclosure 


{ASS - 





шшщщ 


A 


Rollers on the sliding cockpit inclosure of a recent air- 
plane were wearing out after only a few months' service. 
Since the loads imposed on the rollers were light and the 
frequency of inclosure operation was negligible, the wear 
was traced to vibration, The rollers were of stainless steel 
while the bushings were oil impregnated porous bronze. 


Changing to a special ball bearing roller as shown proved 
to be the most satisfactory solution. 











Nucleus @ 
(sfress-corrosion) 


Nucleus b 

(StFESS-  & 
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Nucleus © 
(stress-corrosion) 


Broken locomotive axle was 
caused by stress-corrosion fatigue cracks 
which developed under reversing stresses 
in the axle, Cracks started about 1% to 
%4 in. inside the wheel fit in a band of 
corrosion. They started in several places 
and joined as they grew. There also is 
a deep fatigue crack which started in 
score marks in the fillet at the change 
of section between the journal and the 
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Fatigue crack 

extending part way 
around shaft started 

° in rough machined 

fillet 


wheel fit, but the corrosion cracks were 
probably the primary cause of the fail- 
ure. Cure for this condition was to 
undercut the surface of the fit about 
l5 in. from the hub face inside the fit. 
This undercut, about 4% in. wide and 
0.005 to 0.010 in. deep, with smooth 
finish, prevents corrosion of the surface 
at the undercut and thus reduces the 
possibility of stress-corrosion cracks. 




























SEIZURE OF ENGINE PISTONS is often 
experienced under border-line condi- i 
tions of lubrication during run-in 
periods. Caustic sulphide solution is 
used at Caterpillar Tractor Company 
to etch the inside surface of diesel 
cylinder liners after they have been 
honed accurately to a mirror finish. 
Carefully controlled etching process 
using suitable agents produces a non- 
metallic and non-abrasive surface which 
is only a few ten-thousandths of an inch 
thick, however, it is claimed that this is 
enough to prevent seizure. 


COOLANT LINE from a booster pump to { 
a tank at a somewhat higher level in | 
a machine tool was not delivering a | 
sufficient volume of oil at the required | 
pressure. First plan was to redesign 
the booster pump to give greater output. | 
A simpler solution was to change the 
coolant line design. Original piping 
with two standard 90-deg. elbows was | 
replaced by a curved tube having a ; 
large radius which offered sufficiently 

less resistance to coolant flow that the 

oil delivery was brought up to specifi- 

cations. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures, Where illustrations are necessary, in- i 
clude drawings, rough sketches or photographs. { 
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DETERMINING SPRINGBACK-II 


Calculating Die Radius to Bend Desired Curve 


PON release of the pressure ap- 

plied to bend a sheet or struc- 
l tural section, the member 
springs back to relieve the residual 
stresses. The forming radius of the die 
or block must therefore be modified to 
compensate for the springback so that 
the final curvature will be to the radius 
desired. In Part I of this article (Octo- 
ber P. E.) the equations and methods of 
procedure for making such calculations 
were developed. In this installment the 
actual step by step calculations for a 
given example are presented in order to 
further clarify the procedure. 

To perform the springback calcula- 
tions both the tensile and the compres- 
sive stress-strain curves of the material 
to be bent must be used. Six typical 
curves are given in this article. The 
problem selected for the example is as 
follows: 

It is desired to form a channel-shaped 
member bent from Alclad 24S-T sheet 
0.050 in. thick to a final radious of 240 
in., shown in Fig. 5. The radius of the 
forming block which will give the neces- 
sary allowance for springback is re- 
quired. As shown by the curves in Fig. 
10 the tensile and compressive stress- 
strain curves of the material are not 


equal. 
Approximation of forming radius: 
R. = 241.5 in. 
€; — c; = 1.50 in. 
e", = e", — 0.00621 in. per in. 
I = 0.319 in.‘ 


E = 9,600,000 Ib. per sq. in. for Alclad 


Fig. 5—Showing the dimensions of a channel member and the radius to which it is to 


R. G. STURM, Aluminum Research Laboratories 
B. J. FLETCHER, Development Division 


Aluminum Company of America 


1 


amino 
wanna ASM 





Figs. 6 and 7—In the trial computations by the General Method, the shift of the neutral 
axis is assumed and the cross-sectional area is divided into components as shown 


Using stress-strain curve, Fig. 10 
fı = 53,000 Ib. per sq. in. 
f» — 50,000 Ib. per sq. in. 
1 1. аа 


Р; E R: E (cı + e») 
1, 1 , 10500 
R, 241.5 ' 9,600,000 x 3.00 


= 0.00414 + 0.00358 — 0.00772 
R, — 129.5 in. 
Checking R, by the General Method: 


FIRST TRIAL 
(See Fig. 6) 


Assume R, = 129.5 in. and that the 
neutral axis shifts 0.10 in. toward ten- 





T 





be bent. The die radius is calculated in the example given 


590 


sion side due to difference in stress 
strain curves. See tabular computations. 





14 1, 4f 

R Р, EI 

E Ж. | 12,1600 
R, 241.5 ' 9,600,000 x 0.319 


= 0.00414 + 0.00397 = 0.00811 
R, = 123.3 in. 


Note that SAf does not balance for ten- 
sion and compression and R, calculated 
does not agree with R, assumed. 


SECOND TRIAL 
(See Fig. 7) 
Assume R,=123 in. and the neutral 


axis shifts 0.05 in. toward tension side. 
See tabular computations, 





1 1, ZAfc 
RR EI 
Sadoc m 
R, 241.5 9,600,000 X 0.319 


0.00414 + 0.00402 = 0.00816 
R, = 122.5 in. 

This checks with assumed shift of 
neutral axis and R,, the assumed form 
ing radius. 

Therefore, the radius of the face of 
the forming block in contact with the 
compression flange of the channel 
should be 122.5—1.55—120.95 in. or 
practically 121.0 in. For this section 2 
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TABULAR COMPUTATIONS FOR INTERNAL FORCES AND MOMENTS—FIRST TRIAL 


аин a SES 














Area A Dist. d Strain e Stress f = Af Z Afc 
Section sq. in. in. in. per in. Ib. per sq. in. Ib. in.-lb. 
TENSION 
B Loo cr EC 0.05000 1.375 0.01060 52,500 2,625 3,610 
К... N 0.03375 0.012 0.00780 51,500 1,735 1,760 
е 0.03375 0.337 0.00261 24,600 830 280 
5,190 
COMPRESSION 
ey oe baht es - 0.03875 0.387 0.00299 30,000 1,160 450 
BE Lone йуз 0.03875 1.162 0.00900 47,000 1,820 2,120 
ING 0.05000 1.919 0.01220 50,000 2,500 3,940 
5,480 
EE S uod 0.24500 12,160 
н-ты ннн a m ems e AI MNS ae a RN en mms mn I I I E rn ANS a т. 


TABULAR COMPUTATIONS FOR INTERNAL FORCES AND MOMENTS—SECOND TRIAL 


e AE MRR SS e 























Area A Dist. d Strain e Stress f > Af zZ Afc 
Section sq. in. in. in. per in. lb. per sq. in. lb. in.-lb. 
TENSION 
ла. 0.0500 1.425 0.01160 53,000 2,650 3,780 
сарон, 0.0350 1.050 0.00850 52,000 1,820 1,910 
a ee 0.0350 0.350 0.00285 27,000 950 330 
5,420 
COMPRESSION 
ссе 0.0375 0.375 0.00305 30,500 1,140 430 
ое 8 ; 0.0375 1.125 0.00915 47,000 1,760 1,980 
Т К езде беа 0.0500 1.929 0.01240 51,000 2,550 3,990 
5,450 
EEUU ocio ein 0.2450 12,320 
flexible mandral fitting the inside of the actual stress-strain characteristics of thin sheet, thick sheet, extruded shape 


channel must be used to prevent dis- 
tortion of the flanges during bending. 


Accuracy of the Method 


The accuracy of the estimate of 
springback is dependent on several fac- 
tors including the degree to which the 
stress-strain curve used represents the 


the material being formed, and allow- 
able variations in the physical prop- 
erties within specification limits. An- 
other factor affecting the accuracy is 
the variation in dimensions of sheet or 
shapes within commercial tolerances. It 
is desirable to select a stress-strain 
curve taken on the same commodity 
as the member to be formed, that is, 


or rolled shape. However, the variation 
of properties between different com- 
modities is usually not great and for 
some alloys may have less effect on the 
accuracy of prediction than do dimen- 
sional tolerances. 

If an appreciable amount of cold 
work is performed on the member dur- 
ing its production, the stress-strain 


SPECIFICATION NOMENCLATURE FOR ALUMINUM ALLOYS 


на PH tnim s amete nem eti MD ALS am c a ua RA Uns noa ne A a m i nr ttt nnn | 








A.C.O.A.* Commodity Federal ** Army ** Navy** S.A.E. AS.T.M. 
n E os . . Sheet ОО-А-353 Federal 47A3 26 B78-36T 
EE Lee .. Extrusions QQ-A-351 Federal 46A4 26 B89-36T 
248-0 |) 

EET e eee i QQ-A-355 Federal 17A10 NJ c 0 VUES 
24S-RT | 

248-Т...................Ехігизіопѕ ОО-А-354 Federal 46A9 IPE ° > wu 
AL24S-O 

ALZAS-T !.... . Sheet QQ-A-362 11067 + oe... i. l eee 
AL24S-R T | 

528-0 1 * - « ^ = . 1 
528-14 H .. Sheet QQ-A-318 Federal 1ТА11 210 B109-36T 
ШИШ. assu Extrusions QQ-A-331 Federal AQUNE re ey 
онъ аа ee ШЕ «J|. "Ln. ee ee a 


ML Lo ы анана анны йы анаан ннн н нн а ыны аы нана ae ал л лл ААН 
* See booklet, Alcoa Aluminum and Its Alloys," 1940, published by Aluminum Company of America, Pittsburgh, Pa., for explanation 
temper designations. 

Revision not indicated. 
Î Air Corps Specification. 


ННН. 


Refer to latest issue. 
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curves for tension and compression may 
be slightly different. This applies to 
intermediate tempers of common al- 
loys and to heat-treated sheet which is 
stretched during the flattening or 
straightening process. 

It should be noted that the stress- 
strain curves given represent tests on 
individual samples of material. They 
have been selected as representative 
samples of the alloys and commodities 


-= 60,000 


20,000 


ensile Stress, Ps 


Compressive 
Stress, 





















Compressive 
Stress, Psi. 







40,000 






24S-0 Sheet 





002 in. per in. for curve A 
0.002 in per in. for curves B and C 


noted but they may show slight varia- 
tions from the values of yield strength 
generally accepted as the average for 
these alloys. It is believed that these 
variations will have no practical effect 
on their usefulness in estimating spring- 
back. 

The following stress-strain curves 
were determined at room temperatures 
for aluminum alloys common in air- 
craft construction. The curves B and C 


ATE XE FS ABA 
002 in. per in. for curve A 
Q002 in. per in fór curves B ono C 


LULLED ELLAELL EE 38 
ж аа 


QO2 In. per in. for curve A 
0.002 in. per in. for curves B ond С 






HEN | | | | mea sose | | | | | 


give strains for tẹnsile and compressive 
stresses over a limited range of strain, 
Curve A gives tensile strains up to the 
ultimate strength of the material plo!ted 
to a condensed scale to conserve spice. 
Alloy designations and published speci- 
fications describing them are given in 
the table on the preceding page. 

The same equations and procedures 
can be applied for determining spring- 
back for other elastic materials. 


002 ın. per in. for curve A 
0002 in. per in. for curves B and C 





pressive 
ess, Psi. 
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Fig. 9—Stress-strain curves for 24S-O and Alclad 248-0 sheet 
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Fig. 11—Stress-strain curves for 24S-RT and Alclad 24S-RT sheet 
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Fig. 13—Stress-strain curves for 53S-T and 61S-T extrusions 
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AUTOMOTIVE DESIGNS- II 


Controls and Transmissions in the 1942 Models 


ALL THE NEW CONTROLS whether ap- 
plied to a simple or to a complicated 
design of transmission are simple in 
operation. The general pattern of con- 
trol for the new automatic transmis- 
sions and “Fluid Drives” is practically 
the same; the results are where they 
differ. Pre-selection of some kind is 
always provided so that a choice of 
driving range is made before the car 
is started. 

Except those Hydra-matic equipped, 
the driving range on all cars is obtained 
by shifting the conventional underwheel 
lever into the nermal high speed posi- 
tion. In all these cars the same gear 
shift lever is used with either conven- 
tional control or automatic gear shift- 
ing arrangement. 

Automatic shifting transmissions 
have one or more friction clutches, 
which are either automatically con- 
trolled or operated by a conventional 





missions have two friction disk clutches 
and three planetary speed changing 
brake bands; all these are hydraulically 
controlled by a governor so that no 
clutch pedal is required or supplied. 
All other cars have some type of 
gear box that requires shifting. To 
shift gears while the car is standing 
still means a savage clash even with 
the synchronizing devices now used, 
unless the clutch is disengaged so as 
to stop the rotation of the gears on the 
driven side of the gear train. For that 
reason a clutch pedal is provided so 
that pre-selection of driving range can 
be made before the car is started up. 
The only exception to this is found on 
the Studebaker cars with “Fluid 
Drive,” on which instead of a clutch 
pedal a vacuum clutch control is pro- 
vided, so that when the engine is idling 
with closed throttle the clutch will be 
disengaged. This of course gives “free 


pedal is released, therefore, a solenoid 
operated valve controlled by a car 
speed governor prevents the disengage- 
ment of the clutch when running about 
17 m.p.h. The solenoid valve, of 
course, does not operate on the low 
and reverse speeds so the clutch is 
always disengaged when the accelerator 
is released under these conditions. 
“Sucker” clutches, although not 
new, are being used by Hudson, Pack- 
ard (without “Fluid Drive”) and 
Studebaker (with “Fluid Drive”). 
The outstanding difference between the 
early vacuum operated clutch and 
those in use today is the employment 
of electric car speed governors to pre- 
vent “free wheeling” when in high 
speed gear position above some mini- 
mum car speed, which is 17 m.p.h. 
with Studebaker, 17 m.p.h. with Pack- 
ard and 19 m.p.h. with Hudson. An 
interesting development is the use of 




















































































clutch pedal. The Hydra-matic trans- wheeling” whenever the accelerator clutch controls which utilize the vari- 
Gear Ratio Transmission Data for 1942 Passenger Cars 
Engine Overall Overall Overall Gear Ratios 
Revolutions Gear Ratio Gear Ratio Std. Gear Box Automatic Transmissions 
Per Mile Top Speed Starting Gear 
Name of ee 
Car With With With With With With 
Std. Fluid Std. Fluid Std. Fluid 3rd 2d Low 4th 3rd 2d Low 
Drive Drive j Drive Drive Drive Drive . 
Cadillac 461-3 | 2715 2420 3.77 3.36 9.00 10.97 3.77D 5.76 9.00 | 3.36D 4.85 7.59 10.97 
#67 2925 2580 4.27 9.46 10.20 15:37 4.270 6.53 10.20 1 3.77р 5.45 8.52 12.30 
Chrysler 6 | 2870 2600 3.90 3.54 10.02 5.49 3.90D 7.14 10.02 | 3.54D 5.49 1.01 10.87 
8| 2797 2410 3.90 3.90 10.02 5.23 3.900 7.14 10.02 | 3.36D 5.21 „бэ 10.31 
DeSoto 6 | 2870 2600 3.90 3.54 10.02 5.49 3.900 7.14 10.02 | 3.54D 5.49 1.01 10.87 
Dodge 6| 3050 3200 4.10 1.30 10.54 4.30 4.100 7.50 10.54 | попе 4.300 7.87 11.05 
Hudson 6 | 3529 3777 4.55 4.87 * 13.10 8.86* | 4.55 8.28 13.10 | 3.500D 1.870 8.86 11.00 
8 | 3025 3349 1.11 6.55" 11.84 8.28* 4.11 7.48 11.84 | 3.280D 4.55D 8.28 13.10 
Lincoln V-12 | 3027 22310D | 4.22 3.11 | 10.32 8.08 | 4.22D 7.68 10.32|3.110D  4.44D 5.660D 7.240D 
8.08 10.32 
Mercury V-8 | 2639 2639 3.51 3.54 11.02 6.18 3.540 6.27 11.02 | попе 3.540 6.48 11.02 
Oldsmobile 6 3071. 2921 p 1 10 3.42 10.93 3 12.53 1.10D 6.81 10.93 | 3.12D 1.93 8.65 12.53 
{ 2937 2724 3.90 3.63 10.41 12.29 3.900 6.47 10.41 | 3.63D 5.23 9.18 12.29 
Packard 6| 3229 2163 4.30 3.28* | 10.44 4.55* | 4.300 6.57 10.44 | 3.280D 4.55 6.96 11.04 
8 | 3079 2328 4.10 3.10* 9.95 1.30*| 4.10D 6.27 9.95 | 3.100D 1.30 6.57 10.44 
Studebaker 6 | 3039 2116 4.09 2.95 11.01 1.56 1.09D 6.34 11.01 | 2.950D 1.56 7.07 1874 
8 | 2973 2388 1.09 2.95 11.01 1.56 1.09D 6.34 11.01 2.950D 1.56 7.07 11.72 
ы. 


0.D.— Overdrive D — Direct Drive 
Cars listed under “Fluid Drive" that have vacuum operated clutches not "Fluid Drives" 
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able vacuum on the release side of the 
clutch control unit, This has the ef- 
fect of a dash-pot so a clutch can be 
disengaged instantly but cannot be 
suddenly reengaged. Thus it is possi- 
ble to step on the accelerator slowly or 
suddenly yet the clutch will not grab 
and jerk the car. Hudson also has a 
cork insert clutch disk running in oil. 
This helps smooth out the vacuum 
operated clutch action on these cars. 

All the rest of the cars have some 
type of “fluid flywheel,” so that when 
the car is running the slip between the 
two flywheel units permits quiet shift- 
ing of gears without disengaging the 
friction clutch. 

Naturally on a close coupled “fluid 
flywheel” there is a slight tendency for 
the car to “creep,” when the engine is 
idling and it may be necessary to hold 
the brake on to prevent this action. 
This is the advantage claimed by Pack- 
ard and Hudson for their positive drive 
versus the “Fluid Drive.” Studebaker 
claim they add the vacuum clutch to 
their “Fluid or Turbo-matic” drive to 


prevent this creep. Cadillac and Olds- 
mobile both have hydraulically oper- 
ated clutch controls to prevent creeping 
when the car is standing and engine 
idling. 

The “Fluid Drive” with its inherent 
slip permits the engine speed to be 
brought up to the maximum torque 
point when the car is just starting to 
move. This makes it possible to obtain 
nearly twice the torque at the rear 
wheels as would be obtained with a 
friction clutch operating as smoothly. 
Therefore it is possible to start in a 
higher gear ratio with a “fluid coup- 
ling” drive than with a conventional 
drive. This advantage makes it pos- 
sible to start and to drive a large part 
of the time in high gear. Dodge starts 
with a 4.30 to 1 ratio, Studebaker with 
a 4.56 ratio; Chrysler and DeSoto with 
5.49; Mercury with 6.48 and Lincoln 


with 8.08. Packard, without such a 


coupling starts in high with a 4.55 or 
4.30 to 1 gear ratio and Hudson with 
8.86 or 8.28 to 1 second speed ratio. 


To get the best results from cars 


, 


with a “fluid coupling’ 
to carry a higher gear ratio than with 
a conventional three speed transmission 


it is necessary 


set up. Since there is from 5 to 15 
percent slip with a fluid flywheel the 
top gear ratio should be approximately 
15 percent higher than the conventional 
top gear ratio if the same economy in 
gas and oil is to be obtained. Cadillac 
for example step it up 13 percent, 
Chrysler 10 percent on the six and 17 
percent on the eight, Lincoln 36 per. 
cent: because they have a lower starting 
gear than the conventional high, Olds. 
mobile have 20 percent on the six and 
7 percent on the eight while Stude. 
baker have a difference of 39 percent, 
The differences, generally, are deter. 
mined by the type of unit used in the 
drive. It is to be noted that Cadillac, 
Chrysler, DeSoto, and Oldsmobile all 
have so-called “underdrives,” that is 
they are direct in fourth speed and 
drop down to an indirect gear for 
third speed. The other cars all use an 
“overdrive” fourth and a “direct” 
third, in which the difference between 


Clutch and Transmission Data for 1942 Passenger Cars 

























































































Friction Clutch Forward Spec. Gear Shift 
Operation Speeds Method 
Name of Fluid Name of 
Car Drive Car 
Vacu-| No Unit 
Pedal| um | Pedal 
Fourth | Fourth 
Americar....... Std. Americar 
Buh ..... so dl A. Buick 
Cadillac........| Std. Extra| Extra Cadillac 
Chevrolet. ..... Std. Chevrolet 
Chrysler....... Std Extra Extra Chrysler 
ШАЙИН, э», Std Extra Extra DeSoto 
DEM. oe sot Std Extra Dodge 
Pl. Ao dius t» Std Ford 
Hudson........ Std. | Extra Hudson 
Lincoln. ....... Std Extra Lincoln 
Mercury....... Std Extra Mercury 
Nash-600 Std Nash-600 
Proposed 
Nash-Amb..... Std Extra Nash-Amb. 
Oldsmobile. .... Std Extra| Extra Extra Extra| Oldsmobile 
Packard........| Std. | Extra Extra Packard 
Plymouth. ..... Std. Plymouth 
PENNE. ies) Std. Pontiac 
Stude-Champ. . .| Std. Studebaker 
Stude-Comm. 8. 
Extra] Extra| Extra Studebaker 


Pres. Std. 
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direct and the fourth is much greater. 

Lincoln and Packard can be locked 
in second and operated with the “over- 
drive." Packard recommends this for 
trafic driving. This is a feature not 
obtainable on the other cars. 

“Fluid Drives” also cushion the 
torque reversals which are caused by 
road conditions and variations of the 
throttle position. With “friction 





clutch" drives every time the car is 
slowed up with the throttle, the car 
starts to drive the engine and vice 
versa. The shock loads caused by 
these torque reversals are magnified by 
any play in the gears and in the 
splines of the driving train. The cush- 
ioning effect of a “fluid coupling” 
makes it possible to maintain quiet 
operation with wider tolerances in fits 


and keeps the driving train quieter 


during its normal life. This is one 
advantage of the new drive. 


Epitor’s Note: For contributing data 
from which this review was prepared 
the editors acknowledge their apprecia- 
tion of the valuable cooperation of 
Chester S. Ricker, Technical Counsel, 
McCann-Erickson Incorporated. 


Additional Design Features in 1942 Models 


Rear Hole Rear Hole 
Cross Pedal - Cross shaft 
pedal lever S 
r 


Pedal 
pedal lever shaft end 
lever 


Better action and easier control 
is accomplished by a change in clutch 
finger ratio and in the method of driving 
the clutch pressure plate in the 1942 
Hudson. In the new construction, the 
pressure plate is driven by three driving 


S 
П 


y A 


lugs anchored in the clutch cover. In 
the former design pressure plate slots 
engaged driving pins attached to the fly- 
wheel. Another detail contributing to 
improved clutch action is the clutch 
pedal control linkage. The position in 





which the adjusting link connections 
are made with the clutch shaft end lever 
and the cross shaft lever has been 
changed on the various models. The 
new arrangements and combinations are 
as shown in the sketches above. 





SINCE A HIGHLY FINISHED SURFACE on 
spring leaves is not practical, different 
devices to keep the leaves separated 
have engaged the attention of engineers 
for many years. Buttons of various met- 
als, ball bearings and elaborate com- 
position liners have been used by differ- 
ent companies, some with and some 
without spring covers. Pontiac engi- 
neers have adopted thin wood strips be- 
tween the leaves, the wood liners pre- 
venting metal to metal contact. With 
wood liners interleaf friction, necessary 
to proper damping of the spring, is 
maintained. Hardwood strips xs in. 
thick were selected for the three upper 
leaves and 268 іп. thick for the fourth 
leaf. Each strip extends 1% in. beyond 
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the ends of the leaf it protects and is 
thoroughly impregnated with oil before 
it is assembled. Metal covers are re- 
tained to keep lubricant in place and to 
keep out dirt, mud, slush and water. 
Springs fitted with these liners and 
sealed with regular spring covers have 
completed 20,000 mi. without squeaks. 


FUEL Economy of twelve to eighteen per 
cent over last year’s models is claimed 
for the new '42 Packards, almost solely 
due to the slip stream clipper styling. 
Based on intensive engineering tests, 
wind resistance is 19 per cent lower, 
wind noise has been reduced to 21 per 
cent and handling is much improved, 
particularly in side winds. It is inter- 


esting to note that these tests were made 
on full scale models and involved the 
design of special measuring and testing 
equipment. Fenders are faired into the 
body and there is a 59 degree angular 
rake on the windshield. 


GREATER QUIETNESS in the Hudson 
valve-operating mechanism has been 
obtained by a change in clearance of 
camshaft journals in their bearings in 
the crankcase. The clearance of all cam- 
shaft bearings of both six and eight- 
cylinder engines has been cut down to 
0.001 to 0.0025 in. Running clearance 
formerly given these bearings ranged 
from 0.002 to 0.0035 in. 


(Continued on next page) 
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As an extra precaution against drops of water or anti- 
freeze getting into the water pump ball bearing, a second 
seal has been added in the 1942 Pontiacs. Seal consists of a 
slinger pressed on the shaft between the water pump rubber 
seal and the ball bearing. Spinning at relatively high speed, 
this slinger picks up any stray drops of moisture which may 
get past the rubber seal and throws them into a circular sur- 
rounding groove. 





Improved transmission operation with the new Hud- 
son Drive-Master has been obtained by use of a second and 
high shift rail having a milled section at the front end. A 
screw assembled into the side of the transmission engages 
in the cut out in the rail and acts as a positive stop for the 
rail when shifting into second or high gear. A lock washer 
is assembled under the screw head to prevent the screw from 
bottoming in the rail. 
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Automotive Designs— (continued) 


Carburetor float 
valve link 
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To prevent sticking of float valve pin, dual carbu. 
retors on the 1942 eight-cylinder Pontiac cars have been 
fitted with a wire link which ties the float valve pin to the 
float lever. When the float drops it pulls the float valve pin 
down instead of depending on weight to cause it to drop and 
open the fuel passage. Even with slight deposits of gum on 
the valve, this positive action is usually enough to cause the 
pin to function properly. 


- --Doub/e row 
ball bearing 
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Needle roller bearings in the center steering arm are à 
further refinement made in the Hudson front suspension sys 
tem. In the new arrangement, two compact needle roller 
bearings at the pivot bolt mounting replace the double row 
ball bearing formerly used at this point. This change makes 
for a more substantial arm mounting requiring less mainte 
nance attention. As heretofore, the bearings are packed in 
grease at assembly and no lubrication attention is needed. 
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Tension on the timing chain of a 


six-cylinder engine is more intermittent 
than on an eight-cylinder engine. This 
intermittent tightening and loosening of 
the chain as it drives the camshaft re- 
sults in chain whip which tends to wear 
the chain more than the work it per- 
forms in simply driving the camshaft. 
Because of this Pontiac has always used 
a wide chain. As a further improve 
ment, Pontiac engineers have deter- 
mined by trial that by increasing the 
pressure angle of the crankshaft and 
camshaft sprocket teeth the chain life is 
increased more than 50 percent. 


Defroster 
Automatic heat control . 


Thermostat ~_ 


Radiator 


Important mechanical refine- 
ment on the 1942 Pontiac models is 
the redesign of the underseat heater. 
Instead of recirculating the air inside 
the body 100 percent inside air is used. 
This not only provides fresh tempered 
air but has several other important ad- 
vantages, including thermostatic tem- 
perature control, more heat when de- 
sired, abundant circulation of fresh out- 
side air in warm rainy weather without 
opening windows, substantial elimina- 
tion of window fogging in cold weather, 
improved defrosting of windshield, bet- 
ter distribution of heat throughout body, 
independently lighted controls. Located 
in the floor directly under the driver is 
the heating element or core through 
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which hot water from the engine water 
jackets is circulated by the engine water 
pump. An electrically driven sirocco 
blower placed just below the left head- 
lamp and back of the radiator grille 
forces fresh air through a large pipe to 
the heater core. A valve similar to a 
water faucet, operated by a thermostat, 
regulates the flow of hot water through 
the heating element under the seat and 
in this way the car temperature is main- 
tained at whatever level seems most 
comfortable to the driver or passengers. 
Turning the temperature control knob 
raises or lowers the temperature as de- 
sired and thereafter that temperature 
will be automatically maintained. The 
temperature control affects only the cir- 


culation of hot water through the heater 
core. A branch from the large 4-in. dia. 
pipe connecting blower and heater leads 
to the defroster assembly placed in the 
center of the dash. No separate de- 
froster fan is used, the entire job of air 
circulation for both heater and de- 
froster being handled by the sirocco 
blower. 

The new system maintains an air 
pressure in the body slightly above the 
pressure of the outside atmosphere and 
thereby tends to prevent cold air cur- 
rents from entering minute leaks around 
doors and windows. Previous to this 
year there has been a slight vacuum in 
the body which encouraged the entrance 
of outside air. 
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THE DESIGN of pressure relief valves is 
dependent upon the service to which it 
is put. The simplest relief valve is a 
spring-held ball valve, usually with 
spring adjustment. Considerable inge- 
nuity has been exercised in the design 
of valves for high pressures and tem- 
peratures, for fluids or gases of differ- 
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RELIEF AND SAFETY | 


ent physical and chemical properties, to 
make possible smooth and positive 
operation with minimum valve and seat 
wear, to overcome space and size limita- 
tions, and to meet other special require- 
ments. A few of the designs that are 
now employed successfully are inchided 
on these two pages. 





















FIG.1- SAFETY VALVE FOR TANK 
CARS CARRYING LIQUEFIED PE- 
TROLEUM GASES 


(American Car & Foundry Co.) 
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FIG.4- VALVE WITH COMPRESSED AIR BALANCE. IN- 
CREASE IN INLET PRESSURE LIFTS DIAPHRAGM ASSEM- 
BLY AND VALVE AGAINST DOME PRESSURE. VALVE SPRING 
ALLOWS OPENING BEYOND DIAPHRAGM MOVEMENT 


(Grove Regulator Co.) 
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FIG.2- LEVER TYPE VALVE FOR 
INSTALLATION BETWEEN HIGH AND 
LOW-PRESSURE REGULATORS. 
LEVER ARM SOMETIMES USED TO 
OPERATE AUXILIARY CONTROLS 


{Chaplin -Fulton Mfg. Co.) 
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FIG. 5 - SHEAR RELIEF 
VALVE 


(Abercrombie Pump Co) 
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FIG.5-NEW TRIPLE RELIEF VALUE FOR 
GLASS-LINED BREWERY TANK 
(Pfaudler Co) 
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FIG.6-BACKFIRE PRESSURE RELIEF VALVE FOR 
PROTECTION OF AIRCRAFT ENGINE SUPERCHARGER 


(Wright Aeronautical Corp.) 
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FIG.8 - VALVE FOR CORROSIVE LIQUIDS 
AND GASES HAS SHIELDED SPRING 





FIG.10-SAFETY HEAD. RUPTURABLE, 
SPHEROIDAL DIAPHRAGM HANDLES 
VIOLENT PPESSURES BEYOND CAP- 
ACITY OF CONVENTIONAL SAFETY 


VALVE 


(Black, Sivalls & Bryson, Inc.) 
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VALVE MECHANISMS 


Diaphragm holds vacuum line valve closed 
when supercharger is operating 
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FIG.7- NOISLESS WATER SEALED VALVE 
USED WITH CONDENSING ENGINES FOR 
PRESSURES ЏР ТО 15 -1В. 


(kieley & Mueller, Inc.) 
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FIG.9 - CUP DISK RELIEF VALVE 
(Klipfel Mfg. Co.) 
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FIG.N-VALVE FOR HANDLING COR 

ROSIVE GASES. DESIGNED IN COOP- 

ERATION WITH THE CHLORINE IN- 
STITUTE 
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(Crosby Steam Gage & Valve Co.) 
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1... "/apper valves permit quick 
opening, slow closing movement 
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FIG.12- CONDENSED SAFETY VALVE HOLDS TIGHT 
UNDER HIGH VACUUM AND RELIEVES A FRACTION 
OF A POUND PRESSURE 


(Davis Reguiator Co.) 
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Determining Pressure Drop and Power Losses 


N CONSIDERING the piping of 

modern  high-pressure hydraulic 

systems there are usuall two 
classes to consider. The first is the main 
power piping. which usually carries suf- 
ficient pressure so that considerable 
pressure drop in itself is not especially 
objectionable. The second is the low- 
pressure auxiliary and control systems 
which must be carefully selected so 
that head loss in the piping will not 
produce slow or erratic operation of 
the machine. On many machines the 
power piping is large and expensive 
and the control piping comparatively 
small. This reflects the tendency among 
designers to devote the major consid- 
eration to the large high-pressure pip- 
ing rather than the control piping. Both 
are important, but it is in the control 
piping that the pressure drops are more 
likely to cause improper operation of 
the machine. 

The sizes of the high-pressure power 
pipes can generally be chosen by a 
consideration of the maximum velocity 
in the pipe. Fifteen ft. per sec. is con- 
sidered a good value to aim at for 
conventional applications, but 20 ft. per 
sec. can often be permitted when this ve- 
locity is attained for only a short time 


or a small part of the cycle time. How- 
ever, in installations where there are 


RANSOM TYLER 
Chief Engineer, The Oilgear Company 


long runs of piping, the power losses in 
the piping may be considerable even 
though the pressure drop or head loss 
is permissible and sufficient pressure is 
available to force the fluid through the 
pipes. The chart Fig. 1 will be found 
convenient for determining quickly the 
power loss for a given volume of flow 
in cu. in. per min, through different sizes 
of tubing. 

In selecting power piping it is advis- 
able to check the power loss by means 
of the chart in order to avoid excessive 
reduction of efficiency. But when 
designing the low-pressure control pip- 
ing, it is absolutely essential that .the 
pressure drop be calculated ‘because 
the pressure drop itself will determine 
the effectiveness of the operation of the 
controls. Fig. 2 shows the pressure 
losses for various pipe sizes for a wide 
range of oil flow and can be used to 
greatly simplify the calculations. The 
chart is based on pipe sizes and wall 
thicknesses used as standard in piping 
for Oilgear machines and machines made 
by many of the domestic manufacturers. 


Also, the chart is for oil of 200 SSU 
viscosity which corresponds to Gargoyle 
DTE heavy medium, at 120 deg. F. On 
this chart the family of curves running 


downward diagonally to the right indi- 
cates the velocity of fluid in the pipe 


when the quantity flowing is projected 
from the scale at the bottom of the 
chart to a pipe of the size shown on 
the curves running diagonally upward 
to the right. 

Thus, to select a pipe to carry 10,000 
cu. in. per min. at 15 ft. per sec., follow 
the 10,000 cu. in. per min. line directly 
upward until it intersects the diagonal 
labelled 15 ft. per sec. The chart shows 
that a 1!4 in. piping would carry this 
volume, while if a 1 in. pipe were used 
the velocity would be 20 ft. per sec. For 
the 114 in. pipe the head loss, as found 
by tracing horizontally from intersec- 
tion of the diagonal representing 1!4 in. 
pipe and the 10,000 cu. in. per min. 
ordinate, would be 0.35 lb. per sq. in. 
per ft. of pipe. Obviously the chart can 
also be used to find the pressure drop 
when the dimensions of the pipe line 
are known or used to determine the 
pipe size for a given permissible pres- 
sure drop. 

In determining the pressure drop in 
any piping system it is essential to con- 
sider not only the length of the straight 
pipe, but also the effect of the various 


fittings used. These can usually be 
most easily handled by converting the 
effect of the fitting, for calculating pur- 
poses, into an effective length of pipe 
that would cause the same pressure 


Tubing Diameters and Wall Thicknesses 





SEAMLESS STEEL TUBING 
For Screwed Fittings 


Equivalent 








Iron Outside Wall* 
Pipe Size Diameter Pressuret 

1 13 No. 16 

» 2 No. 11 

7 11 No. 11 

1; 1 No. 9 
1.050 5, 
5 3 
| Hj 16 
1 14 1.600) 3 
1% 1. 900 ‘3 
2 23 & 1 4 
21 37 i 
3 31% dog 
| m 14 
( 6? ` H 
6 634 34 


SEAMLESS STEEL TUBING 
For Flared Fittings 


Wall for Wall for 


Outside 1,000 Ib. 1.500 Ib. 3,000 Ib. 

Diameter per sq. in. per sq. in. per sq. in. 
14 0.035 0.035 0.035 
3g 0.035 0.035 0.060 
15 0.050 0.050 0.080 
Y 0.050 0.050 0.095 
۸ 0. 065 () 005 0.135 
114 0.065 0 090 0.160 
14 0.065 0. OUS. @. 15 


* Given in B. W. G. or fraction of inch. 
+ 0-4000 Ib. sq. in. pressure for !4 to 1 pipe size tubing. 
114 to 6 pipe size tubing. 


Wall for 


COPPER TUBING 
For Flared Fittings 














Wall for Wall for 
Outside 500 Ib. 1,000 Ib. 
Diameter per sq. in. per sq. in. 
14 0.035 0.035 
3 0.050 0.050 
14 0.065 0.065 
9% 0.065 0.065 
14 0.065 0.6090 
114 0.065 0.110 
114 0.065 0.120 





0-3000 Ib. sq. in. pressure for 
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Fig. 1- 
with oil at 200 SSU « 
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Fig. 2—Chart giving the volume, velocity, pressure drop and iron pipe size for oil flow in a hydraulic system using steel tubing with 
oil at 200 SSU viscosity 
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drop. Values which may be used are: 
(a) Elbow or other right angled turn— 
30 pipe diameters; (b) Long radius 
turn, from 5 to 20 times pipe diameter 
plus the actual length of turn; (c) 
Any change in area, such as reducer or 
outlet to a tank, two times pipe di- 
ameter. 

The effect of various designs of globe 
and check valves, needle valves, or pis- 
ton type valves, varies so greatly that 
it would be impossible to list these fit- 
tings. However, ample allowance should 
be made for these items, as it is be- 
lieved that any such valves may be 
equivalent to from three to fifteen el- 
bows. It will often be found that the 
resistance offered by the fittings greatly 
exceeds that of the straight runs of 
pipe. 

Having determined the total of 
straight and equivalent straight length 
of pipe, the maximum rate of flow and 
the permissible total pressure drop, it 
is a simple matter to determine the 
drop per foot of pipe and, from Fig. 2, 
the size of the pipe required, selecting 
the next larger pipe from the inter- 
section of the pressure drop and flow 
of oil lines. 

All the above applies only to oil hav- 
ing a viscosity of 200 SSU. Since dif- 
ferent grades of oil, and different tem- 
peratures greatly affect the resistance 
to flow, it is important to be able to 
make corrections for differences in 
viscosity. 

The flow of any fluid in a pipe takes 
place in two different forms, depending 
on the diameter of the pipe, the ve- 
locity of flow, and the viscosity. It will 
be noted that there is a shaded area 
between the dot-dash diagonals running 
downward to the right on the charts 
in Figs. 1 and 2. The flow in the region 
to the right of the shaded area will be 
turbulent, flow in the shaded area be- 
tween the dot-dash lines may be either 
viscous or turbulent, depending on con- 
ditions, but for the purposes of com- 
puting pipe sizes should be regarded 
as turbulent. The region to the left 
of shaded area represents viscous flow. 
The problem of making correction for 
varying viscosity is somewhat compli- 
cated by the type of fluid flow existing 
in the pipe as different corrections must 
be made for the two conditions. 

It has been found, however, that be- 
tween the limits of 100 SSU and 4000 
SSU at least, the resistance to flow in 
the viscous region is directly propor- 
tional to the Saybolt viscosity, and in 
the turbulent region the correction fol- 
lows the approximate empirical rela- 
tionship : 

Р = С 51/4 


Where P is the pressure drop in percent 
of head loss at 200 SSU, C is a constant 
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and S is the Saybolt viscosity. This cor- 
rection is most easily made by use of 
the following table wherein the value 
of P for different viscosities is tabulated. 


Viscosity, Head loss in percent of 


SSU head loss at 200 SSU 
100 83 
150 92 
200 100 
300 112 
400 120 
600 135 
800 148 

1,000 158 

1,500 170 

2,000 187 

3,000 210 

4,000 222 





It has also been found that, between 
the above limits the critical velocity also 
varies directly with the viscosity. This 
makes it relatively easy to determine the 
region to be considered. A few exam- 
ples will most clearly illustrate the 
method of using the formula and charts. 








Absolute Dynamic Viscosity 

















ExAMPLE l. What size pipe should be 
used for a line of 100 ft. equivalent 
length, carrying 100 g.p.m. (23,100 cu. 
in. per min.,) at 200 SSU and 2,000 Ib. 
per sq. in. pressure? Since this is a com- 
paratively large pipe and the pressure 
is high it’s size would normally be se- 
lected on the basis of maximum per- 
missible velocity. which will be assumed 
as 15 ft. per sec. Follow up the 23,000 
cu. in. line on Fig. 2 to its intersection 
with the 15 ft. per sec. line. The next 
larger pipe, 2 in., would be selected. 
From the intersection of the 23,100 
cu. in. line with the line for 2 in. pipe 
trace horizontally to the scale of Head 
Loss at the left. It will be found that 
the pressure drop will be about 0.25 
lb. per sq. in. per ft. of pipe. or 25 lb. 
per sq. in. total for 100 ft. of equivalent 
straight pipe. Checking the power loss 
on Fig. 1 it is found that each foot of 
pipe will take 0.014 hp., or there will 
be a power loss of 1.4 hp. in 100 ft. of 
pipe. Since the hydraulic power input 
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Fig. 3—Curve for converting Saybolt Universal viscosity to Absolute Dynamic viscosity 











is 117 hp., as calculated from the vol- 
ume and pressure, the efficiency of this 
pipe will be 99 percent. 


ExaMPLE 2. What size pipe should be 
used to connect the pilot cylinder of a 
valve to an 85 lb. per sq. in. source of 
pressure, assuming 40 ft. of pipe (pres- 
sure and return), six elbows, a four- 
way pilot valve in the line, oil of 200 
SSU, and 50 lb. per sq. in. being re- 
quired to operate the valve? A flow of 
300 cu. in. per min. is assumed to be 
sufficient to operate the valve at the 
required speed. 

A maximum head loss of 88—50 or 
35 lb. per sq. in. is permitted, and for 
preliminary purposes assume the fit- 
tings have as much resistance as the 
pipe, that is, assume a total equivalent 
length of 80 ft. of pipe. The loss per 
foot will then be 0.44 lb. per sq. in. On 
the chart, Fig. 2, run up the 300 cu. in. 
per min. line to its intersection with the 
horizontal representing 0.44 lb. per sq. 
in., and it will be seen that 9$ in. pipe 
will be approximately correct. Assume 
6 elbows at 30 diameters and the pilot 
valve at 6 elbows or 180 diameters, and 
we find the equivalent length of the 
fittings as 360 х 0.447/12 ог 131% feet, 
0.447 in. being the I.D. of a 3% in. pipe. 

Since 13.5 ft. equivalent length for 
elbows and valves is considerably un- 
der our assumption it may be possible 
to use 14 in. pipe. Equivalent length 
of fittings would then be 360 x 0.322/12 


=9.66 ft., making a total of 49.66 ft. 
of straight plus equivalent straight pipe. 
From Fig. 2, the head loss in 4 in. 
pipe will be 1.2 lb. per sq. in. per ft. 
or about 60 lb. per sq. in. total for the 
49.66 ft. of pipe, which is excessive. A 
36 in. pipe should therefore be used. 


ExAMPLE 3. Assume same conditions as 
in Example 1 except that the oil is cold, 
causing its viscosity to go to 1000 SSU. 
The critical line in Fig. 2 will move to 
the right in proportion to the change in 
viscosity, or to a flow 1000/200 or five 
times as high. A straight edge held 
parallel to the critical line in Fig. 2, 
with its foot at 50,000 cu. in. per min. 
will show that the flow of 23,100 cu. in. 
per min. will still be in the turbulent 
region, We therefore must multiply our 
head loss and our power loss by 1.58 
or the factor from the table, corre- 
sponding to 1000 SSU. The total head 
loss will then be approximately 40 lb. 
per sq. in. and the power loss 2.21 hp. 
approximately. 


ExaAMPLE 4. Assume conditions as in 
Example 2 except that the oil has a 
viscosity of 1000 SSU. By holding a 
straight edge parallel to the critical 
line in Fig. 2. with the foot on 50,000 
cu. in. per min. it will be evident that 
the point will be well within the viscous 
flow region. The head loss will thus be 
in proportion to the change in viscosity, 
or five times as high. Since the head 
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Curve from contribution No. 40 of the Research Laboratory of Applied Chemistry—Mass. Inst. of Tech. 1922 


Fig. 4—Chart for determining the friction factor for a given Reynolds number for 





calculating the head loss in flow through pipe 
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loss at 200 SSU can be found to be 
0.35 x 53 or 18% lb. per sq. in. it will 
now be 184% х 5 ог 9215 lb. per sq. in. 
It is evident that the valve will move too 
slowly. It will be necessary to select a 
pipe which would appear on the chart 
to have 35/5 = 7 lb. per sq. in. total 
head loss or approximately 7/70=0.] 
lb. per sq. in. per foot. Finding the in. 
tersection of 300 cu. in. and 0.1 lb. per 
sq. in. per ft. head loss, we find this 
lies close to the 1/5 in. pipe. The equiva- 
lent length of the % in. pipe will be 
40 feet plus 360 x 0.548/12 or 561% feet. 
Head loss per foot being 0.155, the total 
loss is found to be 8.6 lb. per sq. in. at 
200 SSU, or 5 x 8.6 or 43 lb. per sq. in. 
at 1000 SSU. It will be found by fol. 
lowing down the !5 in. pipe line that 
the 35 lb. per sq. in. pressure available 
(7 lb. per sq. in. at 200 SSU or 7/56.5 
equals 0.124 lb. per sq. in. per ft.) will 
force 250 cu. in. per min. through the 
pipe. If a 16 percent sacrifice in speed 
can be permitted at the low temper. 
ature, a ¥% in. pipe will be satisfactory. 
Otherwise 34 in. pipe should be used. 

A brief discussion of the sources of 
these charts may be in order. The un- 
derlying principles on which they are 
based are well known, but their pre- 
sentation here will facilitate the calcu. 
lation of head loss beyond the limits 
here shown, or for sizes not shown. 

The expression for head loss in a 
pipe carrying any fluid, liquid or gas- 
eous, is 

P = 0.323 fs V2/D 

where 

P = pressure drop in lb. per sq. in. per 

ft. of pipe 

f = friction factor 

s = specific gravity of the fluid 

V = velocity in ft. per sec. 

D = actual inside dia. of the pipe in in. 

The friction factor f is shown plotted 
as a function of the Reynolds number 
DV s/u in the chart Fig. 3. In com 
puting the Reynolds number D and V 
carry the same units as above, and u/s 
is absolute dynamic viscosity or the 
ratio of absolute viscosity in centipoises 
to specific gravity. This is shown in 
Fig. 4. plotted against the viscosity in 
SSU, seconds Saybolt Universal. This 
curve in Fig. 4 was plotted from 


u 180 
—-9027T- 9 
s 1 T 

where T — seconds Saybolt Universal. 


Thus, knowing that the velocity in 
the pipe line is Q/7204 where Q is the 
quantity flowing in cu. in. per min. and 
A is the inside area in sq. in., it is pos 
sible from the above to compute the 
head loss in any pipe from the known 
quantity of flow, viscosity and dimen- 
sions of the pipe. The curves shown 
were computed in this manner. 


Propuct ENGINEERING 






we VU D V" ww e 5 


al. 


he 
nd 
T 
he 
wn 
en- 
wn 


LOW ALLOY STEEL 


Developed to provide an all-purpose analysis to yield properties attained by a variety of alloy steels, 


many of which contain numerous elements in high percentages, series 9100 has a chemical analysis that 


is constant within definite ranges except for carbon and molybdenum. There are two classifications, one 


without molydbenum and one with molydbenum, each consists of all ranges of carbon up to 0.70 percent. 


APPLICATIONS FOR N-A-X 9100 STEELS 





t 
| 
9112 GRADES 4 
| 


Machine gun side plates 

Gun and howitzer carriages 
Tractors and trailers, all types 
Road scrapers and railroad cars 
Airplane brake frames 


L Highly stressed chassis parts 


X-9140 GRABE 


X-9115 GRADE—Oxygen supply cylinders 
X-9120 GRADE — Gears 


Studs subjected to fatigue 
| Truck axles 
| Steering knuckles 





In SO FAR AS PHYSICAL and metallurg- 
ical properties are concerned, the 9100 
series provides both for a low alloy 
high tensile steel in the lower carbon 
brackets and a comparatively shallow 
hardening steel in the heat-treating 
ranges. 

The high tensile grades naturally are 
in the lower carbon group and gener- 
ally contain about 0.12 percent carbon 
with no molybdenum, except that X- 
9115 which contains molybdenum is 
used where sections heavier than about 
ló in. plate are to be rolled or where 
heat-treatment to definite physical prop- 
erties in fairly heavy sections are de- 
sired after fabrication. The shallower 
hardening steels in the molybdenum- 
free grades are suitable for uses where 
depth hardening is either not required 
or is not desirable. Except for depth 
hardening properties the molybdenum- 
free steels have all the inherent charac- 
teristics of the X-9100 series. Test data 
indicate that molybdenum imparts to 
the basic analysis a high degree of 
hardenability per unit of contained al- 
loys. 

In addition to deoxidizing the ele- 
ments used for that purpose also fix 


the nitrogen in the steels into forms 
that have properties such as 

A—High grain coarsening tempera- 
ture upon normalizing with slight 
change in physical properties with in- 
crease in normalizing temperatures. 

B—Comparative freedom from blue 
brittleness and hence from strain aging 
even in normalized conditions. 


C—High notched bar impact strength 
at normal and also sub-zero tempera- 
tures. 

Grade 9112 used in the “as rolled,” 
normalized, or stress relieved conditions 
possesses a resistance to fatigue and 
notched bar values at strength levels 
of 50,000 Ib. per sq. in. minimum yield 
strength and 70,000 lb. per sq. in. min- 


Table I—Effect of Conditioning Heat-Treatments 


0.860 in. dia. round specimen pulled in full section 












Analysis: 0.12 C., 0.59 Mn., 0.021 P., 0.018 S., 0.76 Si., 0.55 Cr., 0.10 Zr. 
Tensile Percent 
strength Percent Elongation Reduc- 
Ib. per tion 

sq. in. 8in. | of area 
BENE cid ig. 6.5 orks eek 75,740 .0 72.7 
|o насе 16,430 ‚0 19.2 
Normalized at 1,630 deg. F. 13,000 .0 14.1 
Normalized at 1,630 deg. F. 12,830 .0 13.4 
Annealed at 1,630 deg. F.. 69,240 ‚0 61.5 
Annealed at 1,630 deg. F. . 69,080 .0 66.6 
Annealed at 1,280 deg. F.. 71,260 ‚0 10.6 
6 hr. and furnace cooled. 11,120 .0 10.3 











Table II —Chemical Analyses of N-A-X 9100 Series 





'These steels are covered by U. S. Patent No. 2234130 and No. 2250505 





C. Mn. 
EE... ue. 0.10/0.20 0.50/0. 
BEER... 0.20/0.30 0.50/0. 
9135. . 0.30/0.40 0.50/0. 
0 222] 900m 0.40/0.50 0.50/0. 
Е... 0.10/0.20 0.50/0. 
X-9125........ 0.20/0.30 0.50/0. 
IEEE... 0.30/0.40 0.50/0. 
X-9145........ 0.40/0.50 0.50/0. 


November, 1941 


4 دہ ہہ دہ 


Other Patents Pending 


P.Max S.Max Si. 
5 0.04 0.05 0.60/0.90 
5 0.04 0.05 0.60/0.90 
5 0.04 0.05 0.60/0.90 
5 0.04 0.05 0.60/0.90 
5 0.04 0.05 0.60/0.90 
5 0.04 0.05 0 60/0.90 
5 0.04 0.05 0.60/0.90 
5 0.04 0.05 0.60/0.90 


Cr. Mo. Zr 
еее... d. 0.10/0.20 
.50/0.65 0.10/0.20 
ШОО = sairi: 0.10/0.20 
ООО бот пс 0.10/0.20 
50/0.6: 0.10/0.0 0.10/0.20 
. 50/0. 65 0.10/0.20 0.10/0.20 
.50/0.65 0.10/0.20 0.10/0.20 
. 50/0. 65 0.10/0.20 0.10/0.20 





Table III—Physical Properties of N-A-X Х-9115 





1 in. bar 1/2 in. plate 
as rolled as rolled 
0.505 in. spec. 1 1/2 in. wide 
Ten. str., lb.per sq.in........... 76,000 75,500 
Yield pt., lb.per sqin......... 52,000 52,000 
Elongation, percent............. 40 in 2 in. 27 in 8 in 
14 Ga. sheet 16 Ga. sheet 
as rolled hard cold 
1 in. wide rolled 
Ten. sr., bor agim........... 18,000 129,000 
Yield pt., lb.per sq.in. .......... 56,000 125,7 
Elongation, percent............. 25 in 8 in. 4 in 8 in. 
31/2x3 1/2x1/4 6 in.x8.2 lb. 
in. angle channel 
Та. 79 eee 80,960 83,200 
Yield pt., lb.per sq.in........... 51,980 60,000 
Elongation, percent 8 in......... 24 23 


Red. area, percent.............. 


CHARPY IMPACT RESISTANCE, KEYNOTE TYPE SECTION 





I CLOSE LCE Ea RE ES +75 deg. F. 
EMEN н ниесе ж» за» ле Дан иена ааа рларын 4-15 deg. F. 
E o a a a e аа ала аЛ: —50 deg. F. 
о Е —50 deg. F. 


ELEVATED TEMPERATURE PROPERTIES 


Tensile strength 





Temperature Yield point Elongation in 


deg. F. Ib. per sq. in. Ib. per sq. in. 2 in. percent 
10 83,000 63,000 34.5 
100 82,600 62,300 31.0 
200 80,000 54,500 36.5 
300 16,550 53,000 35.0 
400 18,600 58,100 36.5 
500 16,250 50,500 31.5 
600 76,000 51,500 31.5 
100 18,000 55,500 30.5 
800 80,500 51,500 32.5 
900 81,000 51,500 34.5 
1,000 14,250 39,000 34.5 
1,100 36,500 23,000 44.0 
1,200 25,190 19,500 94.5 
1,300 17,000 15,000 60.5 
1,400 10,450 10,000 70.5 


ETT ES a LS: aA Si Se ee eS 


I a ac sn bet ended сес di 
Modulus of elasticity...... 
Hardness 


Bend test 


€*99-..09202069292502929206008029220600690609090092920296 


SHEAR STRENGTH—Pin strength approximately equal to 
yield point of the material tested. 


COMPRESSIVE SrRENGTH— Yield point in compression aver- 
ages slightly lower than yield point in tension. Example: 
Yield point in tension 56,310 lb. per sq. in.; in com- 
pression 50,420 lb. per sq.in. 
At load of 100,000 lb. per sq. in. on 1 in. rd., compres- 
sion is 8.69 percent. 


ABRASION RrsisrANCE— Variable upon type of application, 
but equal to or better than SAE-1045 steel hot rolled. 


EXTENT OF AIR Harpentinc—None. Normalizing from any 
temperature softens slightly on as-rolled product finished 
on the cold side. For rolling temperatures finishing slightly 
above the upper critical, normalized hardness same as “as- 
rolled “hardness.” 
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annealed, 0.804 in. 


imum tensile strength. Physical prop- 
erties are raised by cold drawing. Cold 


3/16 in. plate drawing, however, lowers the propor. 


as rolled tional limit. High tensile 9112 can be 
l in. wide cold formed into complex shapes. Vor 

16,500 parts that are to be cold formed, and 

33,000 then heat-treated to definite physical 

— properties, X-9115 grade is recom- 
20 Ga. sheet mended. 


In the fabrication of welded struc. 
tures, distortion caused by strains set 


cold rolled and 


ап up during welding has been found to 
15,330 be less with the 9100 series than that 
2 generally encountered. This is attri 
" ; buted to lack of blue brittleness in the 
5 in.x12.25 Ib. parent metal with consequent lower 
I-beam tendency to induce strains when the 
18.200 weld is cooling. Welds in scarfed and 
55,600 butted plates show high notched bar 
27 properties. 
66.2 


Are welds should be made with a 
shielded arc wire. High tensile grades 
9112 and X-9112 weld satisfactorily by 


69 ft. Ib. both spot and resistance welding, how. 
a » P ever, because of decreased heat conduc- 
35 ft. Ib. tivity the pressure should be increased, 


amperage decreased and a longer cycle 
used. 

The carburizing grades of the 9100 
steels produce when carburized a case 
free of cementitic membranes. Such 


Reduction of 
area, percent 


10.8 hyper eutectic carbide as is present 
10.9 consists chiefly of minute spheroidal 
2: forms in a mass of pearlite. There is 
69 7 no excessive build-up of carbon in the 
61.3 case. Whatever hyper zone is present 
67.9 does not result in a brittle core caused 
z> by the dispersion of the carbides yet 
69 5 wear resistance is not sacrificed. 

77.4 Physical properties of the core after 
85.8 carburizing have a combination of 
E toughness and strength which compares 
98 8 well with higher alloy content steels of 


similar hardenability. 


Corrosion Resistance—-Variable, depending on environ. 
ment. Results of one year test in flowing sea water are 


Mild Steel 


Mg. loss per sq. dm. per day........... 
Inches penetration per year................. 








N-A-X High Tensile 


Mas Эде фи ж. “ш. р Фр... оос, ШШ 
Inches penetration per year...................... 0.00 








GRAIN SizE—For strip or plate finished slightly above the 
upper critical (1,630 deg. F.). grain size will be about 
A.S.T.M. No. 9. 


Density—Weight per cu. in.: 0.284 Ib. 
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Effect of temperature on physical properties of 9115 steel con- 
taining different percentages of zirconium 


Water auena 600 deg.F 
Draw 00 deg.F Ihr 


gi | Air cool 


RRN 


2 
ү] 





i : | 
LEER 
ЫТА 1 
ЕИ 
ТАЕ” 
CIN А 





0 
Temperature Deg. F. 


Results of tensile tests on water quenched, drawn and air cooled 
9100 series at sub-zero and elevated temperatures 
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EFFECT OF TEMPERATURE ON PHYSICAL PROPERTIES 
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0 200 400 600 800 1000 
Draw Temperature Deg.F 


Effect of one hour draw on physical properties of cold drawn 
bar after 19.5 percent cold reduction 
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Oil quench 1500 deg.F C O. 
& : 100 Don 200 deg Fike Mn 
90 Air cool 


Percent and Lb. Per Sq. In. i 


Temperature 


Results of tensile tests on oil quenched, drawn and air cooled 
9100 series at sub-zero and elevated temperatures 
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COMMERCIAL BRONZE 






R. A. WILKINS and E. S. BUNN 


Revere Copper and Brass Incorporated 


CoMMERCIAL BRONZE is an alloy of copper and zinc contain- 
ing 90 percent copper. Traces of lead and iron are present 
in the alloy described here. While Commercial Bronze is the 
more common name for this alloy, it is referred to as “Gilding 
Metal" in United States Army Specifications 57-171-1B and 
57-171-3 as well as in A.S.T.M. Specifications B130 and B131. 
However, in A.S.T.M. Specifications B36 and B134 it is re- 
ferred to as Alloy No. 2. 

Commercial Bronze is extensively used in the manufacture 
of ammunition component parts as well as for bearings which 
are well lubricated and subject to light loads. It has excel- 
lent hot and cold working properties and is generally as cor- 
rosion resistant as copper. 

Complete mechanical properties of cold worked and an- 
nealed strip and rod are given in the accompanying charts. 

In the cold working as well as in the annealing series for 
strip, properties are given for two different ready-to-finish 
grain sizes, 0.015 and 0.070 mm., which represent limits com- 
monly encountered in commercial annealing. In brass mill 
terminology the anneal before the final cold working is called 
the “ready-to-finish” anneal and the grain or crystal size 
obtained is called the “ready-to-finish” grain. 

In order to render Commercial Bronze rod sufficiently 
malleable for cold drawing, it is common practice to anneal 
prior to cold working so as to produce a grain size of 0.045 
mm. to 0.050 mm. Commercial practice was followed in 
establishing mechanical properties given in Figs. 12 to 17. 

These charts show that the mechanical properties are 
markedly influenced by the ready-to-finish grain size, 
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Fig. 1 —Effect of cold working on the Rockwell F and B hard- 


ness of Commercial Bronze strip. Variation in "ready-to-finish" 
grain sizes generally fixes the position of the curve between the 
solid and dotted lines 
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especially the cold worked strip series shown in Figs. 1 to 5. 

In the fabrication of brass strip the amount of cold work 
performed is referred to as the B.&S. numbers hard, e.g.. all 
brass sheet and strip thicknesses are based on Brown & 
Sharpe gage units. If a piece of brass is cold rolled from 
12 B.&S. gage to 13 B.&S. gage—4 numbers hard. The rela. 
tion between numbers hard, percentage reduction of area by 
cold working and commercial temper designations is given 
in October P.E., page 552. 

A different range of properties is of course established for 
each number of hardness as shown in Figs. 1 to 5. This 
range is typical of commercial production and as such is 
recognized in commercial specifications. Control of the ready. 
to-finish grain size from one lot to another for a given amount 
of cold work is absolutely necessary in order to secure iden- 
tical properties in strip brass or Commercial Bronze. Fig. 5 
shows that material having a ready-to-finish grain size of 
0.015 mm. and cold worked 3 numbers has the same tensile 
strength as material with a ready-to-finish grain size of 0.070 
mm. cold worked 5 numbers hard. 

The influence of the ready-to-finish grain size on material 
which has been cold worked 6 numbers (50 percent reduc- 
tion) and then annealed, (Figs. 7 to 11) is less marked but 
nevertheless as important. Material having a ready-to-finish 
grain size of 0.070 mm. has consistently lower mechanical 
properties at the given annealing temperatures than material 
having a ready-to-finish grain size of 0.015 mm. Grain growth 
has taken place more rapidly in the material having the 
smaller “ready-to-finish” grain size. 


Bron ze Strip 
Со 90 2п10 


30 Relation between 
Elongation and Numbers Hord 


1 


20 N Ready to finish grain size 


——— 0.0/5 тт. 
0.070 mm. 





Elongation, Percent in 2-in. 





olling 
0 40 50 5 605 648 687 


0 | 2 3 4 5 6 7 8 9 0 
B. & S, Numbers Hard 


Fig. 2—Effect of cold working on the percentage elongation in 
2 in. of Commercial Bronze strip. Variation in “ready-to-finish’ 
grain size is not as effective on this property of the bronze as 
on its hardness 
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COMMERCIAL BRONZE STRIP 
Cu90 ZnlO 
Reody-to-finish grain size 0.015 mm. 

Relation between yield 
strengths and Numbers Hard 






Yield Strength, 1,000 Lb. per Sa.In. 

















Percent Reduction of Area by Rolling 
10.9 207 294 371 440 500 55.5 805 64.8 68.7 


0 1 2 3 4 5 6 7 8 9 10 
B. & S. Numbers Hard 





Fig. 3—Effect of cold work on the yield strength of Com- 
mercial Bronze strip having a “ready-to-finish” grain size of 
0.015 mm. The difference in the effect when the “ready-to- 
finish” grain size is 0.070 mm. is shown in Fig. 4 
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Fig. 5—Effect of cold working on the tensile strength and 
apparent elastic limit of Commercial Bronze strip (89.74 per- 
cent copper, lead and iron trace). The space between the solid 

dash lines shows the influence of ready-to-finish grain size 
on physical properties 
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Fig. 4—Effecct of cold work on the yield strength of Commer- 
cial Bronze having a “ready-to-finish” grain size of 0.070 mm. 
The difference in effect when the “ready-to-finish” grain size is 
0.015 mm. is shown in Fig. 3 
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Commercial Bronze Strip 
Со9о 2п10 
Relation between 
Tensile Strength, Elongation and 

Rockwell Hardness 
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Fig. 6—This chart can be employed to determine the approxi- 
mate tensile strength and percentage elongation of Commercial 
Bronze strip when only the Rockwell hardness is known. It 
is accurate within the given limits for all thicknesses between 
0.020 and 0.080 in. 
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Fig. 7—Effect of annealing after cold rolling on tensile 
strength and apparent elastic limit of Commercial Bronze 
strip having two different “ready-to-finish” grain sizes 
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140 COMMERCIAL BRONZE STRIP 
Code 
130 Ready to Finish Grain Size 
—— 0015 тт. 
—— 0070 mm. 


120 C.R. 6-No. hard (50 % reduction) 
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0 
C.R. 400 600 800 1,000 1,200 1,400 
Annealing Temp. in Deg. F 
Held at Temp. ! Hr. 
Fig. 9—Effect of annealing temperature on hardness and per. 
centage elongation of Commercial Bronze strip of two ready- 
to-finish grain sizes, previously cold worked to 6 numbers hard 
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(One hour at temp) 
(00 1,000 1,100 1,200 1,500 1400 
Annealing Temp. Deg.F. 
Fig. 8—Difference in final grain size as affected by annealing 
Commercial Bronze 6 numbers hard with “ready-to-finish” 
grain sizes of 0.015 and 0.070 mm. The smallest “ready-to-finish” 
grain size becomes the larger when annealing above 1,000 deg. F. 
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Fig. 10—Effect of annealing on yield strength of Commercial 

Bronze strip after cold working to 6 numbers hard. Influence 

of ready-to-finish grain size can be compared in Figs. 10 and l! 
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ng Fig. 11—Effect of annealing on yield strength of Commercial 


h" Bronze strip after cold working to 6 numbers hard. The 
h^ influence of ready-to-finish grain size for a given annealing 
F. temperature can be compared in Figs. 10 and 11 
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rcial Fig. 13 Effect of cold working on the Rockwell Hardness, 
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id 11 mercial Bronze rod 
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|_| COMMERCIAL BRONZE ROD |_| _| 
Ready to Finish Grain Size 0.050 mm. 
Rod under ! Inch Dia. 
Cold Drawn 
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Reduction by Cold Working, Percent 
Fig. 12. Effect of cold working on tensile strength and apparent 
elastic limit of Commercial Bronze rod under 1 in. in diameter, 
having a “ready-to-finish” grain size of 0.050 mm. Some simi- 
larity to curves in Fig. 5 is evident 


COMMERCIAL BRONZE ROD 
Ready to Finish Grain Size 0.050 mm. 
Rod under | Inch Dia. 








(1) 0.20 percent yield 
strength (off-set) 
(2) 0/0 percent fu 
Pp (off-set) 
(3) 250 percent yield 
strength (extension) 





1,000 Lb. per Sq. In., Yield Strength 





0 
Extr. 10 20 30 40 50 60 
Reduction by Cold Working, Percent 
Fig. 14—Effect of cold working on the yield strength of Com- 
mercial Bronze rod as determined by three different methods. 
Variation at low values is greater than for strip 
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Annealing Temp. in Deg. F. 
Held at Temp. | Hr. 
Fig. 15—Effect of annealing on tensile strength, apparent elastic 
limit and grain growth of Commercial Bronze rod 
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COMMERCIAL BRONZE ROD 
Previous Reduction 37% 
Ready to Finish Grain Size 0.050 mm. 
Rod under 1 Inch Dia. 









(D 220 percent yield 
strength (off-set) 
010 percent yield 
afrehgt^ ( (of. set) 
0.50 percent yield 
strength (extension) 





1,000 Lb. per Sq. In., Yield Strength 


Annealing Temp. in Deg. F. 
Held at Temp. ! Hr. 


Fig. 17 —Effect of annealing on yield strength of Commercial 
Bronze rod as determined by three different methods 
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Annealing Temp. in Deg. F. 
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Fig. 16—Effect of annealing on the Rockwell hardness, F and D, 
reduction of area and elongation of Commercial Bronze rod 
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Fig. 18—Effect of elevated temperature on tensile strength, 
reduction of area and elongation of Commercial Bronze rod 
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VULCANIZED FIBRE 


Vulcanized fibre, a pure cotton cellulose product made by chemically hydrolizing specially made cotton 


rag paper, is an almost homogeneous material. Basically a plastic material, it has been applied for more 


than 60 years to a multitude of uses. Vulcanized fibre is made in blocks, sheets, tubes and rods out of which 


have been made such diversified industrial products as gears, pinions, cams, screws, rollers, brake shoes 


and clutch linings, dust covers, hardware fixtures, aircraft fair-lead bushings and control guides. 


GRADES AND COLORS OF VULCANIZED FIBRE 


(1) Eleetrical Insulation Fibre. 
qualities, and high dielectric strength. Maximum thickness is ¥ in. 


Outstanding characteristics are great strength, good bending 


Colors are gray or bluish gray. 


(2) Mechanical (Commercial) Fibre. Used for general mechanical and electrical purposes. 


Standard colors are red, black, and gray. 


(3) Bone Fibre. Harder than mechanical fibre. Standard color is gray. 


(4) Trunk Fibre. Similar to mechanical fibre but with better bending quality, smoother and 


cleaner surface, and in a greater variety of colors. Somewhat lower in dielectric strength and density. 


Standard colors are walnut, russet, chocolate, olive, mahogany and granite. Also white and black. 


PHYSICAL PROPERTIES OF VULCANIZED FIBRE 


Hardness. Various degrees of hardness are 
available, ranging from “soft as wet rawhide 
to hard as bone.” The ability to produce a 
glass-smooth finish which is non-splintering 
is important for the hardest grades. Soft, 
flexible fibre is produced by a glycerine treat- 
ment. Compressibility is the most useful cha- 
racteristic of soft fibre. 


Toughness. Repeated shocks and impacts 
can be absorbed without failure. Resilience 
is attributed to small percentages of moisture 
normally contained by the material. 


Density. Ranges from 1.15 to 1.5 gm. per 
cu.cm. Weight is about one-half that of 
aluminum. Minimum density for bone grade 
of 1.32 to % in. thickness is 1.30 gm. per 
cu. cm. 


Approximate Weight of Sheet 


(Based on 20 cu. in. to the pound) 





Thickness Wt. per Wt. per 
Inches sq. k 100 sq. in. 
асое 0.11 0.08 
ES... exi es . 0.22 0.15 
m.. AE . 0.45 0.31 
кз I у 0.67 0.47 
м. i 0.90 0.62 
ES cea i win “ЖАШ 0.94 
BERE ek bd aes v» ovs "CURE 1.25 
M.. ME Lex 2.4 1.87 
ая. 3.6 2.50 
BE e 4.5 3.12 
BED. Lucus 5.4 3.15 
ee 6.3 1.37 

Oe 1.2 5.00 


Сое! icient of friction 


ree 0.16 
re on smooth cast iron... 0.21 


———————————————— 
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Strength. Tensile strength varies with the grade, thickness, and direction 
as high as 18,000 Ib. per sq. in. 


Minimum Tensile Strengths Specified by NEMA 





| MECHANICAL GRADE BONE FIBRE 





THICKNESS (COMMERCIAL) 
INCHES 
Crosswise | Lengthwise | Crosswise | Lengthwise 
lb. per sq.in. | lb. per sq.in. | lb. per sq.in. | lb. per sq.in. 
JEN cs dad rA 6,000 8,000 6,500 8,500 
SENE чадага: 5,500 1,500 6,000 8,000 
QUEE LL Ceci Ea 5,000 1,000 





Standard minimum compression strength of the mechanical grade is 
20,000 lb. per sq. in. for all thicknesses and 30,000 lb. per sq. in. for bone fibre. 

Standard minimum flexural strength of both mechanical and electrical 
grades, when applied on face or edge of fibre %4 in. thick or over is 11,000 
lb. per sq.in. applied crosswise, and 13,000 lb. per sq.in. when applied 
lengthwise. 


Reaction to Heat. Vulcanized fibre will not melt, nor does it burn readily. 
It stands continuous heat up to about 180 deg. F. and, for a short time, up 
to 250 deg. F. in some applications. Between 300 and 600 deg. F. it chars 
and becomes brittle but active combustion does not begin until 650 deg. F. 
is reached. A hot electric arc causes emission of a neutral gas which extin- 
guishes the arc but leaves no carbon deposit. 

Vulcanized fibre is warm to the touch, being practically a non-conductor of 
heat. Thermal expansion is 0.000015 per deg. F. between 68 and 140 deg. F. 
which is close to that of tin, zinc, lead, and aluminum and half of that of 
hard rubber. 


Reaction to Moisture. Natural vulcanized fibre tends constantly to 
equalize its moisture content with that of the surrounding medium. As it 
absorbs moisture, it becomes more pliant, and its tensile strength and dielec- 
tric strength are reduced. Normal moisture content is 4 to 8 percent. 

The rate of water absorption depends on fibre thickness. From 25 to 45 
percent by weight of water may be absorbed during 24 hours of immersion. 
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| MECHANICAL GRADE | 
(COMMERCIAL) 


a 


THICKNESS | 
INCHES | 





Maximum Water Absorption Specified by NEMA 


(Percent change in weight) 


2 hr. 





BONE FIBRE 





24 hr. 





Reaction to Solvents, Acids, Oils, and 
other Agents. Acetone, alcohol, ammonia, 
benzol, carbon bisulphide, ether, naphtha, and 
| oil of turpentine have no permanent effect, 
Weak acids and weak caustic alkalis produce 
some swelling due to absorbed water and may 
attack the fibre after some time. 
acids and alkalis soon decompose vulcanized 
fibre. Mineral and organic oils are absorbed 
slightly unless the surface is treated. 

Aging serves to season fibre and to improve 
its quality. Fibre is not attacked by vermin 


nor rodents. 


Moisture absorption can be reduced by various coatings such as shellac, 


paraffn, varnish, waxes, etc., when the material is to be used where high 


humidity prevails. Temporary exposure to high humidity has no appreciable 


influence. 


Chemical Limitations of NEMA 


Percent 


Max. ash Okc. oo 3 


Moisture absorption is a useful characteristic in fabrication of parts 


because the resulting softening facilitates bending and forming. In such 
applications as washers, valves, and packings the swelling makes tight joints. 


VULCANIZED FIBRE can be machined with 
the same tools and equipment that are 
used for machining metals. While fibre 
is not as hard as the commonly ma- 
chined metals, tools do not remain sharp 
indefinitely. Tools must be kept sharp. 
Special skill is acquired with experi- 
ence. Detailed instruction for machin- 
ing is available from manufacturers. 

Fibre disks or sheets of fibre can be 
built up to any thickness and riveted or 
bolted together with metal shrouds and 
then lathe turned or hobbed to shapes, 
such as gears. 

Circular sawing is employed where 
smooth edges and close tolerances are 
required and band sawing where these 
are not required. 


MILLING. A good practice in milling 
fibre is to remove all of the material in 
one cut, if possible. High speed, or car- 
boloy-tipped tools are recommended for 
large quantities. 





MACHINING QUALITIES OF VULCANIZED FIBRE 





SHEARING. Fibre up to 5 inch thickness 
may be sheared satisfactorily. Heating 
slightly will give cleaner edges. Thicker 
fibre can be sheared if edge finish is not 
important or if subsequent machining is 
possible. 

DRILLING. High-speed drills designed 
for drilling Bakelite are recommended. 
Clean edges free from burrs are pro- 
duced by backing up the fibre with a 
hard material. The drill should not be 
forced and drilling should be perpen- 
dicular to the grain when possible. 


TAPPING. Regular taps are used but the 
tap hole should be 0.003 to 0.006 in. 
larger than in metal. 

Threading is done with about the 
same method as for brass, using a high 
speed steel tool. 

PUNCHING. Compound dies are most 
satisfactory for intricate pieces while 
progressive dies are best for high speed 
fabrication. Punches must be made 


(7 for red fibre) 


Max. silica content............ 0.3 
Max. zinc chloride content.... 0.2 


oversize for hot punching to allow for 
shrink in cooling. Punching should be 
done at right angles to the grain of the 
material. 


SHAVING. Fibre up to f in. thickness 
can be shaved cold. Fibre from Fe to 2 
in. should be shaved hot (200-250 deg. 
F.) after wiping with oil. Hollow dies 
of hardened tool steel are used. 
REAMING. It is difficult to ream any kind 
of fibre with ordinary reamers, as they 
dull quickly; nor can the holes be accu- 
rately gauged for size. Fair results may 
be obtained with special types of expan- 
sion reamers. 

TURNING. Practice in turning fibre has 
not been fully standardized because the 
methods favored by different manufac- 
turers vary with conditions. In general 
the methods are similar to those for 
brass but require experience to develop 
technique, particularly when done on 
automatic screw machines. 


FORMING QUALITIES OF VULCANIZED FIBRE 


ADVANTAGE is taken of the ability to 
soften fibre by absorption of water in 
forming and shaping operations. If the 
job is simple, little moisture is required 
and a punch press is generally used 
where the forming time may be only a 
split second. For large, complex jobs 
where the forming and drying time 
might run into several minutes, a hy- 
draulic press is used. 

In most forming operations a small 
degree of flow occurs. To retain fibre 
in any shape or form, it is only neces- 
sary to hold it firmly until dry, where- 
upon it sets. Heat hastens the setting 
process. Hydraulic operated steam- 
heated presses and methods of working, 
handling, shaping, and forming fibre 
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have been highly developed, permitting 
fabrication of any form, shape or size— 
in any quantity. 

BENDING. Simple bends can be made in 
an “angle brake” after moistening with 
steam. It is then held in shape by suit- 
able heated forms to dry and harden. 
Fibre should always be bent parallel to 
the grain. Softening can also be accom- 
plished by immersion in water (hot or 
cold) but will require longer setting 
time. : 

U-suaPES. Can be round, oval, square, 
or rectangular, and one side can be 
higher or lower than the other. 
Drawinc. A relatively new forming 
operation used for making miners’ and 
athletic helmets. 





Swacinc. Washers with swaged hubs 
are, common, the length of the raised 
part being limited by the volume of 
fibre available at the center of the sheet 
fibre. 

Cuppinc. Slightly cupped washers are 
formed in a punch press. A slight 
humidification of the fibre aids the flow. 
Deep-cupping is also done on a punch 
press followed by hardening on a form. 
Fiarinc. Fibre tubing can be flared by 
spinning in screw machine or lathe with 
a stationary tool pressing outward to ex 
pand the diameter. Heating due to fric- 
tion greatly aids flow in this “belling 
operation. 

SPINNING. Screw machines are used ale 
to spin fibre tubing inwardly. 
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GLASS for MECHANICAL PARTS 


Development of glass compositions that have improved physical properties, and of new techniques in 


the fabrication of glass parts, greatly extend the fields of application of glass for structural and 


mechanical parts. 


Closer dimensional tolerances and new methods for joining glass to glass and glass 


to metal and other materials are being used. 


WORKABILITY 


Blowing and pressing are the two gen- 
eral methods of fabricating glass parts. In 
both cases metal molds are the common prac- 
tice. A great deal of glassware, bottles and 
containers, are made by a combination of 
pressing and blowing, i.e., the neck is first 
pressed to shape in a “blank mold” and the 
blank is then transferred to a blow mold in 
which the body of the blank is blown out to 
form the remainder of the container or bot- 
tle. This “press and blow” operation is lim- 
ited to automatic production. 

High dimensional accuracy in glass mak- 
ing is shown by the production of molded 
glass bearings with sufficient accuracy as to 
require no grinding. Accuracy of pressing 
parabolic reflectors of sealed-beam head- 
lamps is great enough to require reflected 
light to detect imperfections. 


Machine cutting with carbide tools leaves 
rough surfaces and is a process still in experi- 
mental stage. 


Grinding is the common method of cutting 
glass to close dimensions by abrasive action. 
Much special grinding machinery is used for 
surface grinding and drilling of holes. Suc- 
cessful grinding is important to manufacture 
of glass centrifugal pump. Four-inch diame- 
ter tubing 70 in. long has been ground and 
polished to + 0.04 in. tolerance on outside 
diameter for acid resistant conveyor rollers 
mounted on rubber. 


Table I—Physical Properties of Glass for Cast 
or Formed Mechanical Parts 





BOROSILICATE GLASS (Pyrex) 


Linear coef. of expansion.............. 0.0000018 per deg. F. at 66-660 deg. F* 
Modulus of elasticity. . : р а А 9.8 x 105 Ib. per sq. in 
Specific gravity..... ا ا‎ CEN E) 
Specific heat........ "xtd orari a E 0.20 (Steel — 0.107) 
Refractive index... . еа алгаН 1.474 (Less than most glasses) 
Thermal conductivity . . ‚.8.1 B.t.u. per sq. ft. per hr. per in. thickness 
per deg. F. at 77 deg. F. 
. .6,000-10,000 lb. per sq. in: (depends on sur- 
face condition) 
Maximum permissible tensile. .... 1,000 lb. per sq. in. for enameled glassware 
4 nee Ib. per sq. in. or more for “tempered” 
** processed " glass 
еа sS Over 100,000 Ib. per sq. in. 
cr NT Resists all acids except hydrofluoric and gla- 
cial phosphoric. Concentrated sulphuric acid 
at b.p. dissolves 0.000002 gm. per sq. cm. per 
hr. Constant boiling HC1 dissolves 0.000006 
gm. per sq. cm. per hr. at b.p. 
Abrasion resistance. ................. Twice that of plate glass approximately 


Ultimate tensile strength... 


Compressive strength. . . . 
Chemical stability... . . 





SEALING GLASS TO GLASS 


The common method of making glass seals is by heating the sections 
to be joined in the flame of a blow lamp, either by hand or machine, and 
annealing the seal to eliminate or reduce residual stresses. A recently devel- 
oped process of making seals by high frequency electric current has proved 
particularly advantageous in making difficult seals. 


SEALING GLASS TO METAL 


The flame technique referred to above is generally used in such applica- 
tions as bringing leads through the envelopes of bulbs and electronic 
tubes. Seals can be made also by metallizing the glass surface by one of 
several methods, including metal spraying, and then soldering to this metal- 


Table II—Properties of Some Multi-Component Glasses 








Tensile Compressive Thermal 
Specific Young's Poisson's Strength Strength Expansion Specific 
Type Gravity Modulus Ratio Ib. per Ib. per 10° =) eat 
Ib./sq.in./105 sq. in. sq. in. Mx 
Borosilicate Crown. .......... 2.370 10.37 0.197 9,860 179,600 „жа 0.204 
ilicate Crown . 2.47 11.33 SS wih es „ы 1.43 
Zinc Silicate Crown. . 2.572 9.24 0.226 12,030 139,100 $42: 
Silicate Crown... .... 2.580 9.38 0.231 9.560 130,500 5.35 
Light Barium Crown 3.21 10.54 м Qus ° uu 1.39 s 
t Barium Crown. . 3.592 11.36 0.271 10,600 120,400 paii 0.140 
Heavy Silicate Flint. . 3.879 7.76 0.224 7,690 120,400 sede rs 7 
Heaviest Silicate Flint. . . 5.944 1.24 0.261 5,070 85,500 $39 7 UL 
imental Glass...... 2.479 MEN  — — . 11,900 160,800 aua 0.196 
imental Glass. 2.518 8.54 0.253 11,170 97,100 У 0.189 
ht Borate Crown. . 2.243 6.69 0.274 8,260 116,000 3.73 0.218 
Н. 3.527 11.62 QUEM — —uuu 07 хәб 1.85 0.166 
Phosphate í e 3.070 8.99 0.253 10,880 107,300 1.84 0.159 
x Chemical Resistant . 2.25 KNEE sate uM. cA ee 1.78 0.20 





Data from “Glass the Miracle Maker” by C. J. Phillips, newly published by Pitman Publishing Company. 
——————————————————————,HÉÁÉÁHH'—————— ,!!ÀÉ'àX"WurRuWLÁ-—— 
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lized surface. This solder method is not 
adaptable to applications involving tem- 
peratures near the softening point of 
the solder. 

Use of metal inserts pressed directly 
into glass is limited to special products. 
It is used successfully in the manufac- 
ture of insulating bushings for General 
Electric Company. The essentials of a 
good bond are nearly identical thermal 
expansions of the glass and metal and 
ability of glass to “wet” the metal at a 
suitable temperature. Special glasses 
and alloys have been developed to im- 
prove bonding. 


APPLICATIONS 

GLASS PUMP IMPELLER. A hollow, in- 
ternally splined stub shaft, integrally 
molded with the impeller, is bonded 
with a molten alloy to a loosely fitted 
splined plug. 

GAS METER INDEX WINDOW. Edges of 
glass plate, spray-coated with metal, are 
soldered to metal frame. 


ELECTRIC HEATER. Heater element is a 
zig-zag pattern of sprayed metal on the 
surface of the glass. Sprayed metal is 
aluminum or special aluminum alloy 
sprayed at about 570 deg. F. 


ATTACHMENT TO OTHER 
MATERIALS 

One of the simplest methods of attach- 
ing metal to glass is to bend metal ears, 
crimp a metal rim, or employ clamps 
around lugs or beaded rims of tubing, 
bottlenecks, and the like. Unbonded at- 
tachment is not confined to metal. The 
internal thread of pole-line insulators is 
the means for attachment to threaded 
wood cross-arm pins. Metal or plastic 
caps are now screwed on threaded bottle 
necks. Screws through drilled holes hold 
eyeglasses to frames and three screws 
in a metal collar hold glass lamp globes 
in position. 

Putty is sufficient weather proofing 
for window glass. Various glues or ce- 
ments are satisfactory for other attach- 
ments but require careful consideration 
except in the simplest joints. Rubber 
hose is often merely stretched over a 
nozzle end. 

A bottle-shaped humidifier float, re- 
cently designed, is attached to a float 
arm through a metal spud clamped to 
the beaded neck of the float. 


HIGH-STRENGTH GLASS PLATE 
STRENGTH—4 to 415 
ordinary plate glass. 
HEAT RESISTANCE — Thermal 
rating is 400 deg. F. 

IMPACT RESISTANCE—High resistance to 
shock; can be bent and twisted. 
BREAKING CHARACTERISTICS—Crumbles 


into dull-edged fragments, thus elimi- 
nating the danger of flying splinters. 
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times as strong as 


shock 


Table 11I—Dimensional Variation of Commercial Borosilicate 
Glassware 


O.D. Variation Out of Round Wall Thickness 


In. Percent of О. р. Variation 

Hand blown ware 

Up to 6 in. O.D. + зу 2.0 тах + 331% percent 

Over 6 in. O.D. + & 2.0 max + 3314 percent 
Machine blown ware + 0.023 2.0 max ts * 
Hand pressed ware + 2.0 max зу * 
Machine pressed ware cd 2.0 max ds t 
Hand drawn tubin & to *& 2.0 max + 3314 percent of nominal 
Machine drawn tubing + 7; to + % 2.0 max. + 25 percent of nominal 


in. total variation in thickness of bottom. 


* Approximately l4 to j in 
to 35 in. total variation in thickness of bottom. 


+t Approximately 7; 





Table IV—Reference Temperatures of Glasses 





Softening Point Annealing Point Strain Point 





deg. F. deg. F deg. F. 
Range — all glasses 930-2,750 660-1,640 510-1,500 
96% Silica glass (approx.) 2,750 1,640 1,500 
Borosilicates 1, 270-1, 750 900-1 , 350 830-1 , 250 
Lime glasses 1,240-1 , 380 930-1, 060 880—990 
Lead glasses 1,080-1,220 800—860 120-810 
Viscosity — poises 4.5 X107 2.5 ×10 "“ 4.0 X10 





Table V—Heat Exchanger Tubing Data 


















Max. 
‚ Cross- | Recommended 
Nominal | c ^, T 
: Sectional Working 
Diameter Area Pressure 
Lb. /84. In. 





0 
1 21 
30 
2 39 
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Size—Maximum size is 48x108 in. 
Thicknesses range from 1% to 144 in. 
Usres—So far confined largely to house- 
hold furnishings and structural mate- 
rials such as frameless doors, shelving, 
dance floors, and stair treads. Drafting 
boards and layout tables have been 
made also. Machine guards, such as on 
grinders, have been suggested. 

Laminated safety glass is also in this 
class and although its chief application 
has been in motor cars and airplanes 
where transparency is of great impor- 
tance, its advantages in strength and 
breaking characteristics also suggest 
utility in machine guards. 


HEAT TRANSFER 


The coefficient of thermal conduc- 
tivity of glass is low compared with 
that of metals. However, the greatest 


resistance to heat flow occurs in the 
film separating the moving fluid from 
the solid surface, so that the overall 
transmission of glass piping is some- 
what comparable with that of metal 
tubing. In addition glass is highly re- 


Heat Transfer 


Vapor to Liquid 


W ater r Velocity in 





B.t.u./Linear Ft. 
of Tube/Hr./Deg. F. 


Liquid to Liquid 


Coefficients 


№ ater V eloc ity In 


Ft.Per Sec. Ft.Per Sec. 

1 2 3 0 0.4 1.0 
30 339 35 12 ЕТ! 26 
43 48 51 17 28 37 
56 62 65 22 36 48 


61 66 69 28 43 54 






sistant to scaling and pitting. Hence it 
retains its original rated heat-transfer 
capacity indefinitely. 


INDUSTRIAL PIPING 


Design of glass pipelines requires at- 
tention only to those factors considered 
in well-engineered designs for other 
materials, it is said. Provision for ther- 
mal expansion differs from metal, and 
alignment and support are important. 
Pressures up to 100 lb. per sq. in. can 
be held by Pyrex flanged piping up to 
4 in. in diameter. 


TYPICAL CORROSION-PROOF 
EQUIPMENT 


All-glass centrifugal acid pump, cool’ 
ing chambers, heat exchangers, piping 
for chemical process equipment, pipe 
fittings, fractionating columns, bubble 
plates and caps, bearings for the heavy 
shafts of pickling vat rollers, conveyor 
rollers for chemically treated materials, 
reels in silk-dyeing machines, storage 
battery separators, and glass-lined tanks 
and fittings. 
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Question and Comment 


Appendix to "Shorter Sleeve Bearings" 


Explains Measurements of Bearing Loads 


E. R. SUMMERS 


Induction Motor Engineering Department, General Electric Company 


Many of the belted tests which have 
been made with sleeve bearings in the 
past have not been very scientific be- 
cause no accurate method was available 
for determining the belt tension. 

Therefore, to evaluate accurately the 
test data presented in my article on 
"Shorter Sleeve Bearings" (P.E., Octo- 
ber. pp. 530—536) pivoted motor bases 
were used as shown in Fig. 15(a). With 
this arrangement the belt tension is 
readily determined and can be conven- 
iently adjusted to any desired value. Let 


T, — lb. tension in tight side of belt 

T = lb. tension in slack side of belt 

R = radius of motor pulley 

W, = total effective weight of motor, pul- 
ley, overhung portion of base, and 
half of belt 

lı, la, lı = respective perpendicular moment 

arms of 7, 7», and W; with respect 
to pivot 


The torque delivered by pulley can 
be determined from the motor kilowatt 
input. Then 

TıR — T:R = torque 
_ torque 


or Ti = Т» = R (1) 





Also by equating the moments about 
pivot 


Ti lı Е Т» ls = Wi lz (2) 


If the distances are measured in 





Fig. 15—Method of measuring bearing load. (a) Shows motor mounted on pivoted base; (b) belt pull and weight components 


inches, the torque must be expressed 
in inch pounds. The pounds weight of 
W., is usually calculated, but can be 
directly measured with suitable scales. 
When the torque, total weight W, and 
moment arm dimensions are known, 
Equations (1) and (2) can be readily 
solved for the belt tensions T, and T». 
When T, and T, are known, the bear- 
ing load is calculated as shown in Fig. 
15(b) and (15(c). 

Determine the sum of belt tensions 
Tı + Tə (if belt sides are not parallel 
the vector sum must be used), the dis- 
tance l, between centers of motor bear- 
ings В, and B, and the distance /; 
between center of belt and middle of 
bearing B.. The component of force on 
bearing B. due to belt tension is 


(4 + 2) 

l I 
To calculate weight component, first 
ascertain weight Wg of rotor including 
shaft, distance /, from center of bearing 
B, to center of rotor, and the weight 
W, of pulley including that portion of 
belt supported by pulley. Then 


Мв + Wp (l4 + li) 
l4 


The resultant or total force Fr on pulley 
end bearing is then equal to the vector 


(7. + Т) 


weight component — 


© 


Note: Vectors T, and To must be drawn 
parallel to sides of belt 


a 


Мр lg +Wp (Latls) 


14 


sum of belt tension and weight compo- 
nents, and the center of pressure coin- 
cides with the resultant force at an an- 
gle of 0 from vertical center line. For 
field applications of general purpose 
motors, the weight component of rotor 
and pulley is commonly neglected with- 
out serious error, but if there is any 
question, a complete analysis can be 
made as indicated. The smaller load on 
the outboard bearing B, is seldom con- 
sidered, but can be readily calculated 
by equating moments with respect to 
center line of bearing B. as shown in 
Fig. 15(c). 


Suggested System 
For Identifying Parts 


To the Editor: 

This nomenclature system has been 
devised to present a clearer picture of 
complicated assemblies. It could be 
used in single unit production indus- 
tries such as aircraft and automotive. 

Although I have seen the necessity 
of such a proposed system, I have 
never encountered any system which has 
all these following advantages: 

1. Easy identification and location 
of the part from memory 

2. Identification and location of the 
part instantly on the stock list 

3. Clear subdivision of cost account- 
ing 

4. Allows for filing prints in assem- 
bly order 

9. Aids scheduling and planning 


The basis of this new method is the 


Ве/ ри! (7+ Б) 


vector Sum 


We 





Bearing B» 
چ‎ 


of total load Fp on pulley end bearing as calculated from dimensions shown at (a) and (c). 
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stuck list. This is prepared from the 
usual data by the engineering depart- 
ment, except that these new part num- 
bers may be directly incorporated dur- 
ing stock list formation, or may be se- 
lected later after temporary part num- 
bers have been discarded. 

The present stock list referred to is a 
book of numbered pages. Each page is 
divided into numbered horizontal lines 
which contain each part and its descrip- 
tion. Vertical lines spaced about 14 in. 
apart serve for indentation of sub-as- 
semblies and details. It is this present 
method of indentation on stock lists 
which is the basis of this system. 

Procedure in obtaining part num- 
bers: 

1. Set up stock list (see below) 

2. Number sub-assembly and detail 
indentation spaces (see below) 

3. Assign numbers according to stock 
list location (see example) 


Stock List 


1 2 3 45 (These numbers show quan- 
tity of breakdown) 


(1) PART — first main assembly 
Part 
Part 
(2) Part 
Part 
Part 
Part 
part 
Part 


PART — second main assembly 

Part 
Part 

Part 

Part 
Part 

Part 

part 
part 
(3) 


Examples. (Refer to parenthetical numerals 


above) 
(1 10 0 0 0 would be the part number 
(27 120 0 0 would be the part number 
(8) 23111 


In case the number of parts in an 

assembly is over 9, use a dash: 
243—16—3 

which shows that on the fourth break- 

down, this is a detail of the 16th item. 

In case of addition of a new part, 
add at the bottom to create a new part 
number. 

In case of cancellation retain the can- 
celled item on the stock list, and mark 
it cancelled to avoid changing numbers. 

It will be pointed out that this sys- 
tem makes no allowance for identical 
parts which are used on several assem- 
blies. In fact it would seem confusing 
to have several part numbers for the 
same part. This can be cleared up in 
the following manner: Such parts will 
have a part number taken from the 
stock list page and item number where 
this part first appears. In addition it 
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could carry a number showing the 
quantity used per main assembly. Thus 
the number itself will give instant ref- 
erence to a description of the piece. 
Of course standard parts and nuts 
would have standard part numbers. 
These parts would be listed with iden- 
tical parts. —BENJAMIN F. SMITH 
Grand Rapids, Mich. 


“The Teller’s Mistake” 
Has Unique Solution 


To the Editor: 

With reference to the problem of 
“The Teller’s Mistake” as given on page 
502 of your September number, the 
following solution is of analytical in- 
terest, since it shows that the given 
problem has a unique, single-valued 
answer. Let 

X = number of dollars on check 


Y = number of cents on check 
Then, value of check = $ X. Y 


Now, Money given the man = $X.Y 
Money spent by man = 1.93 
Remaining money = $2X 2Y 


Now, from the mechanics of the sub- 
traction process, we may write two con- 
dition equations: 

(X + 100K) — 93 = 2Y 

(Y CK) -1-2X 
where the parameter K = 1 or 0, de- 
pending on whether or not it is neces- 
sary to “borrow” from the dollars col- 
umn during the indicated subtraction. 

Solving simultaneously, 

_ 199 K — 187 
.—— 

Now, if K = 0, Y will be negative. 
Therefore, K = 1, and 

199 — 187 _ 


Y 


Y= 3 4 
and substituting, 
. Y-K—-1 4-1-1 
— нши 


Therefore, the value of the check was 
$1.04. —WaRREN D. ANDERSON 
Norma-Hoffmann Bearings Corp. 


This One Looks Tough 
To the Editor: 


Here is the problem for anyone to 
work on who thinks he is good at mathe- 
matics: 

Two identical large containers are 
filled with small particles. In one the 
particles are perfect spheres all of the 
same size. The radius of these spheres, 
r, is such that the surface area is A, but 
r is very small compared to the dimen- 
sions of the container. 

The second container is filled with 
ellipsoids whose axes are a, b and c, 








such that the surface area of cach 
ellipsoid is A, that is, the same surface 
area as the spheres, Which container 
will contain the greatest amount of ma. 
terial and what is the difference ex. 
pressed in terms of the axes of the 
ellipsoids, a, b and c? Either random or 
co-axial orientation of the ellipsoids 
may be chosen. 
I don't know the answer so proof 
should be furnished. R. G. STURM 
Aluminum Research Laboratories 
Aluminum Company of America 


Newton’s Method Solves 
Trigonometric Problem 


To the Editor: 


My object in submitting this solution 
to the problem posed by Ralph Cor. 
nelius on page 502 of PnRopucr Ewcr 
NEERING for September is to illustrate 
a practical method of solving a large 
class of equations. It puts into definite 
mathematical terms a process which is 
almost instinctive in solving all kinds 
of problems by “cut and trial.” We try 
something and note the fit. We try again 
and note the improvement. We then 
note the relation between the change 
in the trial and the change in the im- 
provement, This gives a guide for the 





next trial, ‘the fit rapidly becoming 
closer with successive trials. We need 
only to be sure that the thing doesn’t 
jump around erratically between trials, 
also that it doesn’t remain constant. 
The process is often used in daily work 
and. thinking without even seeing any 
mathematical expression. 

The figure given by Cornelius can 
be replaced by a simpler equivalent as 
shown here from which 

{ап ф = x 
and cos ¢ = s -+ 1.385 
3.1 
eliminating x gives 3.1 cos ġ — (ап ф ~ 
1.385 = 0. 

An algebraic solution of this involves 
a fourth degree equation and the easiest 
numerical solution is reached by New 
ton's method of approximation which 
proceeds in rapid steps to any degree 
of precision desired. The correction for 
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the first approximate guess is 
f ($) 
C та => че 
Рф) 


_ (3.1eos ó — tan ф — 1.385) 
2 3.1 sin ¢ + sec? ¢ 
The numerator is the function and 
the denominator the first derivative of 
the function. 
Try ¢ = 45 deg.= 0.7854 rad. 
— 0.195 
4.19 


= — 2 deg. 39.9 min. 

The second approximation then is 
45 deg. — 2 deg. 39.9 min. = 42 deg. 
20.1 min. 

Substitute this value of $ gives the 
next correction as — 3.91875 min. and 
the third approximate answer is 42 
deg. 16 min. 10.875 sec. The next cor- 
rection is — 0.20 sec. which exhausts 
the capacity of ordinary trigonometric 
tables. Note that mistakes are self-cor- 
recting and as proof the corrections 
should be computed but not used. It 
may be pointed out that the precision 
of the answer is in excess of the pre- 
cision of the data which is itself not 
consistent and that the precision pos- 
sible by any method is limited by that 
of the available tables. The problem is 
of value in illustrating one of the quick- 
est methods of solving any equation 
numerically excepting a few freak 
equations which do not have a definite 
tangent at the root. —Harvey S. PARDEE 

Ravinia, Ill. 


= — 0.0465 rad. 





This gives C; — 


Toothless Reduction Gane 
Gives 2:1 Reduction 


To the Editor: 

Two-to-one positive speed ratio of 
revolving elements can be obtained 
without the use of conventional toothed 
gears through the use of the mechan- 
ism illustrated. Further reduction in 
multiples of two may be provided by 
applying additional stages of reduc- 
tion identical to the first. Any number 
of radial guides may be used, the num- 
ber of pins being increased in propor- 
tion. Some unique and valuable fea- 
tures of the “toothless gear” are read- 
ily apparent: 

l. No gear cutting equipment is 
needed, 

2. Any center distance may be used. 
With conventional gears this sometimes 
leads to teeth of special pitch, or the 
addition of idlers. 

3. Center distance may be made vari- 
able by providing an adjustable pinion; 
or one gear may operate any one of 
several different sized pinions without 
changing the ratio. 
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4. On light applications, such as in- 
dicators, a weight saving may be ef. 
fected. 

5. For super precision mechanisms, 
backlash and errors in ratio may be 
reduced. 

6. Backlash can be made adjustable 
through the use of tapered pins work- 
ing in guides with tapered walls. 

7. Since pins must pass across inter- 


section of guides, mechanism shown is 
self aligning. Ordinary gearing will 
operate even when gears are barely in 
mesh and therefore when backlash is at 
a maximum. 

It would be interesting to know if the 
above movement has ever been put to 
practical use by any reader of PRODUCT 
ENGINEERING. —J. T. BENNETT 

Los Angeles, Calif. 


Mess Kits of Plastics 


[Editors Note—In the October number 
we published a letter from T. J. Mc- 
Carron asking why plastics are not 
being substituted for aluminum in Army 
mess kits. Our Washington editor sends 
us this reply: 

"Why aren't plastics used? The ob- 
vious answer is that the soldier in an 
emergency has to cook in his mess kit. 
However, the Army is gradually speci- 
fying aluminum out of the kit and it 
will soon be made of thin steel with 





Can You Work This One? 


H. E. SMITH 


Solution to October problem— 
Cops and Robbers 


From the facts given last month, in 
3 min. the police have driven at 30 
m.p.h. from the hub to 15th St., and 
the bandits have driven from Ave. A 
to Ave. B on 20th St. Let X—number 
of street, then length of arc of street 
block is 


Distance traveled by bandits along 20th 
St. in 3 min. is 
x20 т 


40 2 


Therefore, speed of bandits' car is 
T x 20 — 10 = 31.416 m.p.h. 


Distance traveled by bandits on Ave. B 


 20—- X 
NEST 





Distance traveled by police after turn- 
ing around at 15th St. and driving back 
to intercept the bandits is 


15 – X , 7X ,60—4X t «X 
10 40 — 40 


If the police drive through a street so 
as to exactly intercept the bandits, 


since time is equal, distance traveled 
should be in proportion to speeds, so 


60—4X---X 
40 _ 30 
20— X — 81.416 
10 


Solving, X —5.53 

So if the police car drives down Ave. 
A and through Fifth St., it will arrive 
at the intersection of Ave. B and Fifth 
St. in 2.78 min.—approximately 5 sec. 
ahead of the bandits. 


This month's problem— 


Brain Testers 


l. Find a number such that its 
double is exactly half of the reciprocal 
of the 6th root of 5 to the 8th power 
divided by itself. 

2. What is a practical method for 
cutting a watermelon through its ma- 
jor axis such that each of n disk-shaped 
slices have the same volume? Assume 
the melon is a prolate spheroid (ellipse 
revolved on its major axis) with a ma- 
jor axis a equal to twice the minor axis 
b. 

3. The proprietor of a menagerie 
was asked how many birds and how 
many beasts it included. He replied, 
*Well, the lot have 36 heads and 100 
feet." How many of each were there? 
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a tin coating. (The "expert" at QM 
just told me it would be tin with an 
iron surface to keep it from rusting— 
that's the kind of information you are 
apt to get around here.) 

The Army took very seriously the 
criticism it got from American Machin- 
ist and others for buying aluminum 
syrup and water pitchers, etc., and 
seems to have gone even as far as the 
soldier’s pack in making changes to 
save aluminum and other materials 
badly needed for other defense items.” 


Extruded Plastic Maker 
Given Wrong Address 


[Editors Note—Because of an error in 
our source of information, the address 
of Extruded Plastics, Inc. was incor- 
rectly given on page 509 of PRODUCT 
ENGINEERING for September, as Nauga- 
tuck, Conn. The makers of the new 
“Interlox” extruded molding described 
in this “New Materials and Parts” item 
are not in Naugatuck, but should be 
addressed at New Canaan Ave., Nor- 
walk, Conn. | 


How To Present an Idea 
To Washington 


To the Editor: 


I like to look over Propuct ENGINEER- 
ING—a fine sheet. 

And, today, while scanning page 506 
I notice the second item concerns the 
recommendation by a gentleman in the 
oil fields for making floating oil tanks 
to be towed across the ocean. It is re- 
ported as a new idea and one which has 
considerable acceptance on the part of 
Washington engineers. 

I thought it might interest you to 
know that on June 30 of this year this 
very same idea was presented by our 
own chief engineer, R. B. Pealer, to the 
authorities in Washington but жаз 
turned down very undiplomatically. 

The thing that makes me curious, 
therefore, is to know just what is the 
procedure when someone has a fine 
idea to present—so that the idea might 
at least fall upon open minds. 

—E. R. BARKLEY 

Beaver Pipe Tools, Inc. 

[Editor’s Note—All defense ideas are 
to be submitted to the National Invent- 


ors Council, in the Department of Com. 
merce Building. It is not officially part 
of the Commerce Department; it oper- 
ates with money from the President's 
blank check. It is more or less under 
the supervision of the Patent Office, 
which is part of Commerce. 

If Mr. Pealer approached an indi. 
vidual official of the Navy or the Mari- 
time Commission with his suggestion 
about floating oil tanks, he would or 
would not get a welcome and serious 
consideration, depending on the indi. 
vidual of course. The various agencies 
are not supposed to accept suggestions; 
they refer them to the above-named 
committee. 

Perhaps a thousand people have 
thought of floating tanks in the last 100 
years, and probably Mr. Pealer wasn't 
the first. A great number of people 
come to Washington with suggestions; 
very few get anywhere. As you know, 
the Government has ignored many a 
good invention till it was literally 
forced upon it—like the telegraph and 
the airplane—but government officials 
recognize this failing. Remember—the 
correct approach is all important.) 





Case Histories in Patent Law 


NO. 23 


Question: What is the effect of a pub- 
lication upon a right to a patent? 


ANSWER: Many engineers are under the 
impression that only a prior patent can 
defeat their right to a patent and that a 
paper read before an engineering society 
will have no effect upon their securing a 
valid patent. This impression seems to 
be quite general and it has resulted, 
consequently, in many serious losses. 
The true rule is that a publication is as 
effective as a prior patent to defeat a 
potential inventor. So dangerous is the 
publication habit and so dangerous is 
the reading of papers before technical 
societies that many prohibit such read- 
ings in view of the serious losses that 
have resulted from scientists and engi- 
neers reporting too prematurely. 

The only safe rule is to file the patent 
application first and let the engineering 
announcement and technical paper fol- 
low second. In any event, the patent 
application must be filed within one year 
from the first date of publication. By 
publication is meant the actual printing 
and distribution of the information. 
Sometimes it is a close question whether 
mimeographed articles constitute pub- 
lications, but it’s best to assume so. 

Another frequent source of loss of 
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patent rights is advertising of the prod- 
uct and the failure to file a patent 
application within one year from the 
date of the first advertisement. A noted 
agricultural implement patent was de- 
feated in court based upon the adver- 
tisement of the invention earlier than the 
statutory limit. Someone in the organi- 
zation had been slow in getting the 
application filed and the Patent Office 
did not know of this premature ad- 
vertisement. 

In Maibohm v. RCA Victor Company 
(C.C.A.4), 89 F. (2d) 317 the patent 
in suit was found to be invalid because 
of anticipation and lack of invention. 
Judge Northcott stated: 

“Maibohm filed his application for 
the patent in suit on October 30, 1929. 
The prior publication which, the de- 
fendant claimed invalidated the patent. 
appeared in the August, 1927, issue of 
Radio News, a New York radio journal. 
This article, the material for which was 
furnished the journal by the Simplex 
Radio Company, of which company the 
plaintiff, Maibohm was president, pur- 
ported to describe in detail the receiver 
including the invention and was illus- 
trated by cuts and diagram. The judge 
below found that from the information 
given in this article any one skilled in 
the art could, without further instruc- 


tions, make the device or in the lan- 
guage of the Supreme Court in Seymour 
v. Osborne, 1] Wall, 516, 555, 20 L. Ed. 
33, *make, construct, and practice the 
invention to the safne practical extent as 
they would be enabled to do if the in- 
formation was derived from a prior 
patent." " 

“That such a publication, as full and 
complete as this one was, constitutes a 
prior publication that, if made more 
than two years (By amendment to the 
statute, this limitation has now been 
changed to one year) prior to the ap- 
plication for the patent, would invali- 
date the patent under which the 
plaintiff claims, seems clear ....” 
(Pp. 319, 320) 

In Imperial Glass Company v. A. H. 
Heisey & Company (C.C.A. 6), 294 F. 
267, it was held that printed manufac- 
turers’ catalogues, circulated among the 
trade and containing illustrations of de- 
signs for a fruit bowl came within the 
meaning of the statute by the term 
“printed publications.” The patent in 
suit was held void for lack of originality 
in view of such prior circulation of the 
manufacturer’s catalogue. 

The safe rule is to file your patent 
application promptly. Thereafter all 
the technical papers and advertisements 
that are issued will be of no harm. 
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Report on Tin Supply Suggests 


Prevention of Shortage Easier Than Cure 


THE POSITION OF TIN among the strate- 
gic materials is a curious one. Most 
other metals are of greater importance, 
but are available domestically to vary- 
ing extents; tin is not nearly so vital a 
need, but we have no domestic sources. 
The Advisory Committee on Metals and 
Minerals of the National Research 
Council, in emphasizing this fact in their 
report on tin, points out that a cessa- 
tion of imports of tin would stop all 
further supply completely. There is as 
yet no shortage of tin in the country, 
they conclude, nor is there likely to be 
at the present rates of import. Sources 
of tin are the Belgian Congo, Bolivia, 
French Indo-China, Malaya, Dutch East 
Indies, Nigeria and Siam. All but de- 
liveries from Bolivia involve long sea 
trips which might be interrupted. To 
meet any unforeseen emergency this 
country, then, should build up a reserve 
stock-pile of ample dimensions, even 
though it is necessary to curtail present 
consumption and should plan for any 
drastic step which may have to be taken 
should future imports be sharply cur- 
tailed or eliminated entirely. While im- 
ports amounted to approximately 4,000 
long tons a month in 1939, consumption 
of primary and reclaimed tin in the U.S. 
reached 90,000 long tons in 1940 and 
will probably be somewhat greater in 
1941 because of increased food canning 
requirements for the Army. 

Tin plate for canning accounts for 
nearly half the yearly consumption. 
Solder accounts for another 20 percent. 
Babbitts and bronzes account for an- 
other 15 percent. Terne plate, tubes, 
pewter, wire tinning and sundry items 
account for the rest. Pewter is consid- 
ered unimportant and wholly substi- 
tutable. The value of tin in the galvan- 
ing process is a matter of doubt and 
some savings here may be possible. The 
amount of tin in type metals may be de- 
creased slightly without interference 
with the necessary properties. Tinfoil 
is considered entirely replaceable by 
waxed paper or cellophane until alumi- 
num becomes available in larger quanti- 
ties. Tin tubes of the collapsible type 
are a considerable item for which tin 
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coatings on lead tubes and careful 
reclamation may aid an otherwise diff- 
cult replacement problem. Tinning of 
wire brings up a difficult problem in that 
possible substitutes, such as aluminum 
and nickel, are already scarce. Tin 
bronzes are considered largely replace- 
able except for the lead-bearing bronzes 
of the 80 Cu 10 Sn 10 Pb type. 

Tin base babbitts for bearings are 
very difficult to replace without forcing 
a good deal of redesign of machinery 
to make other metals or other types of 
bearings acceptable. However, granted 
some redesign, much could be done to 
save considerable quantities of tin since 
babbitt is third on the list of tin uses. 
Even such bearing substitutes as silver 
and gold have been suggested. 

Solder, second largest consumer of 
tin, can be very largely replaced by a 
solder composed of 95 percent or more 
of lead, and the remainder silver. While 
this may seem extravagant, the small 
percent of silver required brings the 
price range very close to that of the 
usual solder. Since solders of this type 
are already being used in aircraft engine 
radiators, considerable data has already 
been obtained on the excellent proper- 
ties of the combination. With about 2 
lb. of tin going into the soldering of 
every automobile radiator, this is a signi- 
ficant fact. 

Can makers, greatest consumers of 
tin, are toying with several emergency 
measures. Glass containers as alternates 
for cans are not very convenient from 
two points of view, the producer’s and 
the consumer’s. Thinner layers of tin 
are being tried, but there is a limit be- 
yond which complete metal coverage 
is difficult to obtain, although electro- 
deposition of tin is a possible solution 
which still presents many complexities. 
Lacquered black plate has been tried 
with dubious success as yet, but at- 
tempts at welding or stamping cans 
shows some promise. Reclamation of tin 
is very uneconomical and not enough 
could be reclaimed to have any effect 
on a shortage. 

All-out substitution would save about 
three-quarters of our tin and enable 
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Bolivia alone to supply all our needs. 

The Committee suggests that some of 
the forms of conservation mentioned 
above be begun at once and gradually 
increased. In this way a stock-pile can 
be built up and, should drastic curtail- 
ment of imports occur, the country will 
have a reserve on which to draw while 
the rest of the conservation program is 
carried out. 


Foreign Sources Permitted 
For 143 Army Materials 


ARMY REGULATIONS have been revised 
in order to lift the prohibition on use of 
143 different materials from other than 
domestic sources. Revision of the list, 
which until the ban was lifted contained 
only 18 materials for which foreign 
purchase was unrestricted, is explained 
by the War Department as follows: 

*Because the materials listed below, 
or the materials from which they are 
manufactured are not mined, produced, 
or manufactured, as the case may be, 
in the United States in sufficient and 
reasonably available commercial quanti- 
ties and of a satisfactory quality, their 
use in the manufacture of the supplies 
herein specified (subject to the require- 
ments of the specifications) is author- 
ized without regard to country of 
origin." 

The list of materials now accom- 
panies all army bid invitations which 
might contain any of the 143 materials. 


Priorities Engender 
Progress in 1942 Cars 


THE AUTOMOBILE INDUSTRY was bound 
to find itself a competitor for materials 
with a mechanized defense program and 
was also bound to step aside in favor of 
that program. However, materials had 
to be found and that necessity, caused 
by priorities, became the mother of 
many a progressive invention that had 
been biding its time in the laboratories. 
True, some changes were made only be- 
cause they had to be. All the compa- 


nies will be using cast iron pistons in 
place of aluminum but with almost no 
sacrifice in power because the improved 
bearing designs will not only handle the 
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Testing under service conditions, delight of Westing- 
house engineers, called for special refrigerated building 
when it came to outdoor-type circuit breakers. Fine mist was 
blown in at temperature of —20 deg. F. to simulate heavy 
sleet storm. After three days of faultless operation, breaker 
design was pronounced O.K. 





heavier loads but save strategic mate- 
rials by being lighter as well. Cast iron 
replaces zinc in General Motors car- 
buretors and fuel pumps with unim- 
paired quality but at extra cost. Zinc 
grilles have been replaced by steel 
stampings and, in all, the nearly 53 lbs. 
of zinc in the average General Motors 
car, according to Vice Pres. C. L. Mc- 
Cuen, has become less than 19 lbs. in 
the 1942 car but at somewhat higher 
cost. 

On the other hand improvement in 
steel heat-treatment practices have now 
made possible the duplication of the 
characteristics of many alloy steels by 
the proper treatment of a steel contain- 
ing nothing more than, say, 1 percent 
manganese, Both Chrysler and General 
Motors have been making good use of 
these inexpensive improvements as fast 
as they can be adapted to mass produc- 
tion. Aluminum was removed not only 
from pistons but from oil seal plates, 
where plastics are doing the job for 
Chrysler. It is claimed that plastic 
plates mass-produce easily and are 40 
percent lighter than the corresponding 
aluminum pieces. Chrysler’s door han- 
dles, formerly a zinc die-casting, are 
now made of injection molded thermo- 
plastic material with a stamped steel 
insert. These handles match color 
schemes well and, unlike zinc, lose no 
strength at sub-normal temperatures. 
Zinc die-cast radiator ornaments are 
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also made of plastics on 1942 Chryslers. 
These plastic ornaments are better look- 
ing, lighter and not subject to corrosion. 
Plastic steering wheels and instrument 
panel medallions are equally satisfac- 
tory and good-looking. Even clutch 
torque shaft bearings are planned for 
plastics instead of zinc die-castings. 

General Motors, says Mr. McCuen, 
has reduced nickel consumption in 
plating by 66 percent, and further have 
improved the final result through 
changes in plating methods. Chrysler 
has improved on its Oilite bearings to 
the extent that the steering gear bear- 
ing and clutch pedal bearing now use 
a 0.005 in. thick Oilite bronze layer 
fused to strip steel backing plate rolled 
into a cylinder in place of the old ss in. 
thick Oilite, a definite saving in material. 

Thus it may be said of the 1942 cars 
that the emergency seldom hindered 
their development and in many cases, 
for example those of plastics and the 
simpler steels, actually sped up progress 
meant for later years. 


Clearing House Planned 
For Aviation Fittings 


WHEN INVESTIGATION showed that un- 
balanced inventories of aircraft fittings 
existed in practically every airplane 
plant. the fittings industry set up a 
clearing house plan that might be ap- 





Light distribution of newest type of streetlight is dra- 
matically compared with that of the best luminaire of 25 
years ago by these “photometric visualizers” developed by 
General Electric illuminating engineers. Three-dimensional 
plastic models are constructed to scale of 500 candlepower 


plicable to other industries. Under the 
plan, maintained by Weatherhead Com- 
pany, manufacturers of fittings, all air- 
craft manufacturers are kept informed 
of the location of surplus fittings, excess 
inventories have been leveled off, and 
many fitting shortages have been over- 
come. 

All aircraft producers send monthly 
inventories of fittings stocks to Weather- 
head. Copies of current purchase orders 
are also filed so that inventory records 
can be kept up to date. Inventory rec- 
ords are not limited to fittings that are 
in active demand, but include all obso- 
lete and slow-moving items for which 
use may be found. 


Do You Know That— 


COPPER PIPE has been in use over 5400 
years. In 1910, near the Great Pyramid 
of the Pharoah, Cheops, a piece of pipe 
was found that had been used to convey 
water from the nearby river Nile to the 
royal bathing pool. (62) 


CASHEW NUTS, great quantities of which 
lie in the Brazilian jungle and rot, are 
a valuable plastic base. Arrangements 
are being made to salvage the crop to 
supplement that received from India. 
The oil of the shell is a natural phenol 


and can be made into many synthetic 
resins. (63) 
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Cheap aluminum after the war may 
cause designers to change their ideas 
radically on what things should be made 
of. Engineers in the defense agencies 
here have expressed the opinion to this 
publication that the frames of automo- 
biles, and even the upper reaches of 
buildings, and bridges, and many other 
structures where weight is important, 
may be made of various aluminum al- 
loys. Weight reduction in cars, for ad- 
ditional gasoline mileage, will be es- 
pecially attractive to the public. J. Louis 
Reynolds, of Reynolds Metals Co., re- 
cently told the Journal of Commerce 
that a 1,500-pound aluminum car, at 
$500, was a definite possibility. Similar 
possibilities exist in some types of farm 
machinery and household equipment. 


Two engineering surprises fell 
upon Washington the other day. One 
of them was the Sea Otter light cargo 
ship, which the President handed to the 
Navy to develop, somewhat to the dis- 
pleasure of the Maritime Commission. 
The other was the Northrop “Flying 
Wing,” a very inept expression, since 
wings have no other function but to fly. 
News reporters discovered the Northrop 
tailless, fuselageless airplane design in 
the Patent Office, where it had been 
filed last November. An Army-Navy 
board is supposed to remove all pat- 
ents of possible value to defense from 
the public gaze, but it overlooked this 
one, 


Sea Otter No. 1 was a one-third-scale 
model of the 1900 ton freighter, built 
by Jacobson Shipyards of Long Island, 
for test purposes. Sea Otter No. 2, a 
full sized job, was built by the Living- 
ston Shipbuilding Company of Orange, 
Texas, upon designs by Weaver, Inc. 
Chief innovation in this design is pro- 
pulsion by sixteen 110 h.p. gasoline 
engines, all geared on one propeller, 
which, according to the best informa- 
tion available, is under the hull amid- 
ship, angled off a vertical shaft. The 
engines are V-8 marine conversions of 
regular automobile motors. Conversion 
means that they are jacketed and piped 
with brass to resist salt corrosion. 
Power plants constitute one of the main 
limitations on speed of shipbuilding, 
and the multiple auto engine scheme is 
aimed to relieve this bottleneck. The 
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boats are only 270 feet long and can be 
floated to sea on rivers and canals from 
inland construction centers. Speed is 
12 knots, and the range is 7,000 nautical 
miles. The propelling mechanism can 
be hoisted and replaced while the ship 
is under way. The entire steering gear, 
which is hand powered, appears to be 
above deck, where any part of it is 
accessible for emergency repairs. Unit 
losses of such ships would involve small 
tonnage, cargo and crew loss, and it 
would take a lot of submarines and 
bombing planes to chase them. Mari- 
time Commission engineers are quoted 
as saying privately that the Otter has 
many disadvantages: gasoline is ex- 
pensive and scarce; tonnage in such 
small vessels takes more crew person- 
nel than equal tonnage in large bottoms. 
Marine engineers will watch the out- 
come of this experiment with interest. 
If it works, the Navy will swarm the 
oceans with Sea Otters. 


The Northrop Wing is as old as the 
basic concept of the airplane. Many 
*bodyless" planes have been tried. The 
National Advisory Committee for Aero- 
nautics has tested several of them, in- 
cluding the Northrop design. Trust- 
worthy authorities here tell Product 
Engineering that too much enthusiasm 
about the simplified wing plane would 
be unwise. They say that the problems 
involved in securing apparent weight 
and drag savings are many and diffi- 
cult. However, in their opinion, the 
possibilities are worth full exploration. 
John Northrop has been working on the 
wing plane for 15 years, and many peo- 
ple think that if the trick can be turned, 
Northrop will turn it. Any achieve- 
ments along this line, even though im- 
mediate, probably would have. small 
effect on the war in the air. The ex- 
perts remind you that the critical veloc- 
ity of the airfoil will apply to the wing 
plane just as it does to conventional 
planes. 


44-mm Bofors automatic field gun 
is Army’s defense weapon against low- 
flying airplanes. Rate of fire is 120 to 
140 rounds per minute. This speed is 
necessary, because some fast dive bomb- 
ers are within effective range no more 
than ten seconds. Reflection sights make 
it possible to trace the enemy aircraft, 


and tracer bullets show the trajectory, 
aiding correction. Muzzle velocity is 
2,850 ft. per sec. which gives a vir- 
tually straight trajectory of 3,280 yards 
and a maximum range of 11,000 yards, 
horizontal. Nose fuse of the shell is so 
sensitive that it detonates upon contact 
with the thin fabric of an airplane—or 
rather, 15/10,000 of a second later. If 
the projectile misses its mark, it ex- 
plodes automatically in the air, so as 
not to endanger persons and property 
on the ground. (Anti-aircraft guns are 
always used on home soil.) The gun is 
mounted on a four-wheel carriage; can 
be put into firing position in 25 sec- 
onds; barrel can be changed in two 
minutes; cartridge weighs 444 pounds; 
breech locks automatically when the 
shell is inserted, and opens during the 
recoil. The Bofors was exhaustively 
tested at Aberdeen. 


Three different manufacturers, 
plus the Army Ordnance Department, 
have produced a 105mm howitzer, which 
assembled perfectly, passed rigid tests 
at Erie Proving Ground, La Carne, 
Ohio, and has been accepted by Army. 
The gun proper was manufactured by 
Vilter Manufacturing Co., of Milwau- 
kee; recoil mechanism was made by 
Bryon Jackson Co., of Los Angeles; 
Pullman Standard Car Manufacturing 
Co., of Hammond, Ind., produced the 
carriage—the makers of refrigerators, 
oil-well supplies, and railroad cars, 
respectively, built a first class gun. The 
point is that the commercial plant of 
this country can go into ordnance pro- 
duction successfully. All three com- 
panies worked from plans furnished by 
Ordnance engineers. None had had 
previous experience in modern ord- 
nance manufacturing. 


Height finder, to measure the altitude 
of enemy airplanes, has been delivered 
to the Army by the Eastman Kodak 
Company. It is an elaboration on the 
stereoscope, like range finders used by 
the Navy and by camera designers and 
surveyors. But this is the first adapta- 
tion to anti-aircraft purposes. The in- 
strument is cased in a cylinder 15 feet 
high. The company reports that it 
measures altitudes precisely; that it is 
the most complicated optical instrument 
the Army uses. 


625 





> ت 


جا ن ل لے اص 


New Materials and Parts 


Seamless Metal Hose 


This newly developed construction of 
seamless metal hose, type CC, can be 
distinguished by its double-thread, heli- 
cal corrugations. The double-thread 
corrugations assure better distribution 
of stress and, therefore, result in greater 





durability and safety as well. A rigid 
brass companion flange is brazed on one 
end; the other end is provided with a 
floating flange for proper adjustment 
to existing equipment. The tubing is 
made of bronze, suitable for conveying 
water, steam, gas, oil, etc. Any length 
and any type of end connection can be 
furnished. For high pressures the 
tubing is reinforced by means of metal 
braids and armor. Seamlex Co., Inc.. 


Long Island City, N. Y. 


Negative Coefficient 
Resistors 


To the Keystone line of negative 
temperature coefficient resistors are 
added these units with metal coated 
ends for making electrical connection. 
Hitherto, these resistors were supplied 
only with molded-in wires. The addi- 
tion of resistors with metal coated ends 
has simplified design problems by per- 
mitting the use of a cartridge or clip 
method of mounting. The chief char- 
ecteristic of. Kevstone resistors is their 
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decrease in electrical resistance with 
increase in temperature. This property 
makes the material useful where it is 
desirable to reduce initial current 
surges or to provide temperature com- 
pensation in apparatus which exhibits 
rising resistance with increase in tem- 
perature. The four sizes of resistors 
are shown full scale. They have wat- 
tage ratings ranging from 34 to 3 watts. 
Keystone Carbon Co., St. Marys, Pa. 


Time Relay 
The Type RSIC and TDIC relays 


are motor operated timers which are 
designed to open or close an electrical 
circuit after some predetermined delay 
interval. They reset instantly and will 
re-start without manual resetting. The 
relays consist of a synchronous motor 
unit which rotates a switch operating 
arm when the magnetic clutch mecha- 





nism is. energized. When the clutch 
magnet is de-energized it releases the 
switch operating arm, returning it in- 
stantly to a starting position by means 


of a reset spring. The starting position 
of the switch arm (which determines 
the time setting) is controlled by a 
micrometer knob or by a friction type 
stop arm. The stop arm is provided 
with a shock absorbing member which 
protects the switch operating assembly 
when the switch arm is released to re- 
turn to the starting position. The main 
switch unit is a quick-operating type 


with silver contacts rated at 10 amp. 
and 115 v. or 3 amp. and 440 v. A.C. 
Extra contacts of 1⁄2 amp. capacity can 
also be supplied. Time scales from 15 
sec, to 5 hrs. are available. R. W. 
Cramer Co. Inc., Centerbrook, Conn. 


Physical Testing Machine 


To be shown publicly for the first 
time at the National Metal Congress, 
two new Southwark-Tate-Emery physi- 
cal testing machines, Models 20-35 and 
60-35, are built in 20,000 lb. and 60,000 
lb. capacities. The former unit is de- 
signed especially for plastics, while the 
latter is built for rapid routine testing 
of metals. Accuracy is claimed to be 
within 34 of 1 percent of load or 0.15 of 
one percent of range, whichever is 
greater. Priced below the company's 
standard capsule-type machine, the new 
units are designed primarily for pro- 
duction control and rapid routine test- 
ing work. Within the limitations of the 
34 of one percent accuracy guarantee, 
they are also applicable to certain types 
of research work. Baldwin Southwark 
Div., The Baldwin Locomotive Works, 
Philadelphia, Pa. 





Range Wire 


This newly announced wire is said to 
possess increased dielectric strength 
and moisture resistance and to exceed 
all standard requirements. It is one of 
the Deltabeston series and can be ob- 
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tained with solid or stranded wire in 
sizes from AWG No. 20 to No. 8. It is 
insulated with a synthetic film and with 
a highly compressed covering of felted 
asbestos. The asbestos insulation is 
thoroughly saturated with a moisture- 
and heat-resistant finishing compound. 
The wire may be obtained in black, 
white, red, blue or green colors. Gen- 
eral Electric Co., Bridgeport, Conn. 


Synthetic Sponge Rubber 


Another use of the new synthetic 
rubber, Ameripol, is indicated by the 
announcement of a new sponge rubber 
made of this material. The new Ameri- 
pol synthetic sponge rubber is in the 
same manufacturing classification as 





milled sponge made from natural rub- 
ber. Sodium bicarbonate or a similar 
blowing agent is turned into gas by the 
heat of vulcanization and thus produces 
a cellular structure. This new sponge 
rubber is expected to fill requirements 
where oil, grease or other solvents make 
natural rubber unsatisfactory. The B. 
F. Goodrich Co., Akron, Ohio. 


Pencils for Marking Metal 
and Glass 


The addition of purple and green to 
the Phano line of metal and glass mark- 
ing pencils gives a broad range of ten 
colors available for the marking of 
polished metal, glass and glazed sur- 
faces. By use of these colors quick 
identification of parts and operations 
can be obtained. Layouts may be made 
directly on metal since cutting fluids or 
sprays do not wash off the markings. 
However, all marks may be removed 
easily when the operations are com- 
pleted. Celluloid, cellophane and all 
other smooth surfaces may also be 
marked with no danger of scoring or 
scratching. The colors now produced 
are red, yellow, black, vermilion, blue. 
white, purple, green, light green and 
Pyro-red (brown). Joseph Dixon Cru- 


cible Co., Jersey City, N. J. 
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Molded Terminal Block 


This built-up molded terminal block 
is a molded sectional unit which can be 
supplied in any number of terminals 
from 1 to 50. Rating is 30 amp. at 750 





volts. It is claimed to have all the ad- 
vantages of the conventional one-piece 
molded terminal block, plus the ad- 
vantages of being obtainable with any 
desired number of terminals. It has slot- 
ted mounting holes, brass washer-head 
terminal screws, white marking strip. 
and large section brass terminal strips 
held tightly in position. Curtis Develop- 
ment & Mfg. Co., 3266 N. 33rd St., Mil- 
waukee, Wis. 


Relays 


The Standard Bulletin 106 relay is 
now furnished with rubber insulated 
feed wire and a molded phenolic resin 
base. It is claimed that greater pro- 
tection is provided against absorption 
of moisture, and that higher insulating 
qualities, increased mechanical strength 
and lighter weight are obtained. Ward 
Leonard Electric Co., Mt. Vernon, N. Y. 





Reversible Motor 


This new capacitor-start reversing mo- 
tor makes use of a special centrifugal 
switch, a solenoid relay and a resistor, 


all of which are furnished as a part of 








the motor. No brushes or commutators 
are used. A separate drum switch must 
be used and, to reverse the motor, it is 
simply necessary to throw the drum 
switch from one side to the other. It is 
claimed that the circuit used will give 
greater torque during the starting and 
accelerating period and protect the 
winding from damage and possible mo- 
tor burnout. It is available in ratings 
of from 1% to 34 hp., for use on cranes, 
hoists, etc. Westinghouse Electric & 


Mfg. Co., East Pittsburgh, Pa. 


Midget Air Powered Pump 


Eastern Model D air powered pump 
is explosion-proof, has variable per- 
formance controlled by varying the 
speed of the air motor, and has a high 
capacity in relation to its size. Operat- 
ing on 100 Ib. per sq. in., the pump has 
a maximum capacity of 15 g.p.m., and 
a maximum pressure of 35 lb. per sq. in. 
Operating on 20 lb. per sq. in. air pres- 
sure, the pump has a maximum capa- 
city of 74% g.p.m. at a maximum pres- 
sure of 13 lb. per sq. in. Weighing only 
10 Ib., the pump has a size of 544 x 6 x 
7 in. Pump impeller is mounted on 
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the end of the !4-hp. ball bearing air 
motor  countershaft. Nozzles аге 
threaded for 14-in. standard pipe fit- 
tings. Eastern Engineering Co., 45 Fox 
St., New Haven, Conn. 


Optical Projector 


Suitable for use in shop, tool room, 
laboratory or inspection departments, 
this new optical projector may be used 
by inexperienced operators for the most 
critical inspection operations. Objects 
to be measured, inspected or compared 
are placed on the work rest member of 
the stage. This design feature elim- 
inates the need for numerous staging 
or holding fixtures. One of the major 
advantages claimed for this projector is 
the use of an optical system which per- 
mits the ready change of image magni- 
fications. The reflected image is pro- 
jected on a clear or ground glass screen. 
Both plain and coordinate type stage 
units are available and with the latter 
type are included dial type micrometer 
indicators. Standard magnifications 


available are 10, 20, 30, 45, 60, 80 and 
100. Portman Machine Tool Co., Mt. 
Vernon, N. Y. 





Automatic Temperature 
Indicator 


Where it is necessary to take a large 
number of thermocouple temperature 
readings this automatic indicator is said 
to be extremely rapid and convenient. 
It consists of a Micromax strip-chart 
indicating recorder without the record- 
ing mechanism and uses a clearly grad- 
uated scale 9% in. wide. It is, in ef- 
fect, a hand-standardized potentiometer 
with automatic reference-junction com- 
pensator. It can be supplied with tog- 
gle-type switches for at least 50 couples, 
which are indicated only; or for at 
least 30 couples, usually recorded, 
which are disconnected from the re- 
corder for indicator readings. 

Switches are double-throw, non-lock- 
ing, with spring return to neutral and, 
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for easy identification of couples, tog- 
gle-switch handles can be supplied in 
various colors. There are no dials to 
turn and no galvanometers to watch. 

For iron-constantan couples the indi- 
cator can be had in various ranges be- 
tween zero deg. and 2000 deg. F., and 
for chromel-alumel couples in various 
ranges between zero deg. and 2,600 
deg. F. 

The case can be had for panel, wall 
or post mounting or for use on a table. 
It is dust tight and, generally, vapor 
tight, but can be readily serviced. Leeds 
& Northrup Co., Philadelphia, Pa. 


Flexible Couplings 


Fast assembly, symmetry, balance 
and smooth exterior are features of a 
new “Torflex” line of flexible drive 
shaft couplings. Each type is so de- 
signed that it can be used with differ- 
ent size shafting at each end. The 
couplings will take either parallel or 
angular misalignment of any size shaft- 
ing between 14 in. and 134 in. and con- 
sist essentially of two metal caps, two 
rubber bushings, and a metal spacer. 
The rubber bushings fit over the ends 
of the shaft, and are forced against 
the metal spacer when the metal caps 
are screwed together. Assembly is com- 
pleted by tightening each coupling cap 
with two ordinary pipe wrenches. 
Torque capacities range up to 825 in.- 
lb. at recommended usages. With the 
Torflex coupling only one shaft requires 











any preparation. This consists of merely 
grooving either shaft to a depth of x 
in. and can be done with an ordinary 
triangular file. The couplings are silent 
in operation, requiring no lubrication 
oil boots or periodic inspections. Harris 


Products Co., 5428 Commonwealth Ave., 
Detroit, Mich. 


Quick Assembly Nuts 


The new Speed Nuts offer many ad- 
vantages in savings of cost and as. 
sembly time as they weigh only 20 
percent as much as conventional fasten. 
ings of similar application. These 
Speed Nuts are designed with a ball 
formation surrounding the prongs of 
the Speed Nut that is sufficient to span 
the standard dimpling for countersunk 
flat head screws or bolts. Upper illus- 
tration shows three of these Speed Nuts 
used in a navigation light mounting 
plate. Horizontal view shows counter- 
sunk flat head screw engagement with 
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Speed Nut riveted in position. Made of 
special spring steel, they have remained 
tight under severest vibration tests. 
They are intended for use in all air- 
craft assemblies. Tinnerman Products, 
Inc., Cleveland, Ohio. 


Heat-Resisting V -Belts 


In the past, standard construction 
V.belts have been recommended only 
for'operations in temperatures under 
130 deg. F. Specially compounded heat- 
resisting V-belts were furnished for 
temperatures above 130 deg. As a re 
sult of development and research it has 
been possible to increase the heat 
resisting - qualities of the standard 
V-belts so that they are now fully equal 
to the special black heat-resisting belts. 
Because of this, the special black heat 
resisting belts are being discontinued 
and the new standard belts can be or 
dered from stock at no extra cost for 
drives on which the heat-resisting belts 
have previously been necessary. The 


B. F. Goodrich Co., Akron, Ohio. 
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Circle Calculator 


Planned as an aid to designers and 
shop men in the rapid calculation of 
diameters and circumferences of circles, 
this Circle Meter can be folded for 
pocket use although it is approximately 
12 in. square. The inner circles contain 
diameters and the outer circles con- 
tain the corresponding circumferences. 
Readings are in 14 in. divisions up to 
72 in. in diameter but can also be inter- 
preted as feet, yards, ete. Each pair 
of inner and outer circles has a distinct 
color for quick identification. Interstate 


Sales Co., New York, N. Y. 





Asbestos Clutch Facings 


These improved clutch facings are 
announced as covering the complete 
range of industrial, as well as automo- 
tive service, requirements. All shapes 
and sizes are available in disk type, 
cone type and gear-toothed type clutch 
facings. It is claimed that the use of 
improved material combinations and 
special methods of processing result in 
more dependable performance as well 
as greatly extended wear life. Material 
combinations and processing methods 
are varied to meet operating conditions 
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and the clutch facings can be obtained 
in sizes from those weighing over 1,000 
lb. to those weighing less than one 


ounce. Gatke Corp.. Chicago, Ill. 


Plastic Handles 


Described as “smartly simple" in de- 
sign, a new line of colorful plastic han- 
dles for drawers, doors, and many other 
applications are molded only of non- 
restricted acetate plastics. Fiesta 
handles are available in red, green, 
blue, ivory, and black colors, are highly 
resistant to cracking and chipping, and 
cannot fade or tarnish. They are said to 
harmonize with current design trends 
in a wide range of products such as fur- 
niture, industrial equipment, electrical 
appliances, stoves, radios, refrigerators, 
and any equipment where handles are 
used. Continental Plastics Corp., 308 
W. Erie St., Chicago. Ill. 


Tapped Resistor Sections 


Providing an economical answer to 
the problem of making up tapped re- 
sistors with any number of 10 or 15- 
watt sections to any required resistance 
values, these Type VD Koolohm re- 
sistors are supplied in compact 10 or 
15-watt sections with ball and recess 
interlock. This automatically connects 
the units electrically in series and pre- 
vents turning when mounted on the 
threaded steel rod which is provided. 
The rod can be cut to any desired 
length. Mounting feet and ceramic end- 
spacers are also supplied. Overall 


length of the 10-watt Type VD Kool- 
ohm is 11 in. and its diameter is 5 in. 
The 15-watt sections are lis in. long 
and 13 in. dia. Sprague Specialties Co., 
Resistor Div., North Adams, Mass. 






























High Pressure Pump 


This new vertical triplex pump is a 
single acting plunger type and is par- 
ticularly suited to applications where 
small capacities and high pressures are 
required, as for the operation of hy- 
draulic presses, manufacture of plas- 
tics, etc. This pump has no gears and 
is especially designed for use with 
built-in gear head motors, although it 





can be arranged for V-belt drive. Its 
plungers are outboard and it makes use 
of a dry joint between the liquid cylin- 
der and power frame, thus eliminating 
the possibility of leakage of the liquid 
into the crankcase and effectively pre- 
venting contamination of lubricating oil. 
The pump comes in eight sizes for pres- 
sures up to 9,800 lb. and capacities up 
to 51 g.p.m. Worthington Pump & Ma- 
chinery Corp.. Harrison, N. J. 


Synthetic Rubber Seals 


Ameripol synthetic rubber forms the 
basis for the compound used as the 
molding material for all types of oil 
seals and V-type packings for the avia- 
tion industry. It can be fabricated to 
close tolerances and is noted for its 
low oil absorption, low friction, and 
high resistance to metal corrosion, heat. 
light and ozone. Its flexibility at low 
temperatures and resistance to oil ab- 
sorption should make Ameripol one of 
the most effective and efficient hydraulic 
seals now available for airplane use. 
Illustrated are oil seals and packings 
which have been approved and are now 
in production. Cut-away section on one 
unit shows V-shape of V-type packing. 
Miller Rubber Co. Inc., Akron, Ohio. 
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Books and Bulletins 








Inspection of Metals 


Hannv B. PursirER—180 pages, 6x9 
in., illustrated and indexed. Published 
by American Society for Metals, Cleve- 
land, Ohio. Price $1 with paper covers; 
$1.50 with clothboard covers. 


This book is intended for those learn- 
ing to inspect metal. It covers the va- 
rious tests that are made, and technique 
of making them, and how the results 
may be interpreted in terms of metal 
quality and utility. Illustrations of test 
equipment and of metallurgic patterns 
clarify many details. An introductory 
chapter reviews the steelmakers’ aims 
and how they may be frustrated by fac- 
tors beyond his control. 


Handbook of Sleeve Bearings 


ALBERT B. WiLLi-—248 pages, 614x914 
in. Red clothboard covers. Published by 
Federal-Mogul Corp., Shoemaker and 
Lillibridge Sts., Detroit, Mich. Avail- 
able only to those directly concerned 
with sleeve bearing applications. 


Written as a guide to bearing design 
and selection, this excellent handbook 
is probably the first of its kind pub- 
lished. Briefly, it discusses the effect 
of design, alloys and manufacturing 
methods upon sleeve bearing efficiency, 
and defines the field of application for 
each basic type of sleeve bearing. 

One of its most valuable uses will be 
as a reference; approximately half the 
pages list sizes and types of bearings 
and bushings for which major manu- 
facturing tools are now available. 

Albert B. Willi, the author, is well- 
known to Propuct ENGINEERING readers 
for his articles on bearing construction 
and shims for bearings. 


Glass the Miracle Maker 


C. J. PuiLLiPs—424 pages, 6x9 in., 
gray clothboard covers, illustrated. Pub- 
lished by Pitman Publishing Co., 2 
West 45th St., New York, N. Y. Price 
$4.50. 


The story of glass, taking up the his- 
tory, manufacture, chemistry, physical 
and chemical properties and applica- 
tions of glass is presented in this book 
by an authority connected with one of 
the leading glass makers of the coun- 
try. Although it is intended primarily 
for industrial designers and executives, 
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mechanical, electrical, chemical and 
civil engineers, there are portions that 
would interest people in all walks of 
life. 

Many new industrial applications of 
glass which have been made in the past 
few years are described in this book 
along with the advances in the physical 
properties of glass, which will be of 
value in determining what can and can- 
not be done with glass and in finding 
intelligent uses for glass in unexplored 
fields. While the treatment of the sub- 
ject is general, the author gives many 
references to literature for those who 
wish to dig deeper into specialized 
phases. 


Mathematics for Engineers 


Raymonp W. Dutt—Second edition, 
780 pages, 55 x 8 in. Drab buckram 
covers, Published by McGraw-Hill Book 
Co., Inc., 330 W est 42nd St., New York, 
N. Y. Price $5. 


In this second edition many minor 
changes have been made throughout the 
text. One major change, however, has 
been made in the chapter covering the 
use of the slide rule, in which several 
new rule operations have been added 
for use with the newer and improved 
slide rules. 

The book, which originally was pre- 
pared from the author's own notes on 
mathematics accumulated in the course 
of his engineering practice, affords 
quick reference to mathematical prin- 
ciples, operations, and formulas which 
engineers use constantly in their cal- 
culations. The book can also be used as 
a text by engineers who wish to brush 
up on their mathematics. All branches 
of the subjects are covered; arithmetic, 
algebra, trigonometry, logarithms, de- 
terminants, graphs, analytical geometry, 
vectors, calculus, and hyperbolic func- 
tions. All the material is presented in 
a concise style for quick application. 


Molding Technique for 
Bakelite and Vinylite Plastics 


Fourth edition, 224 pages, 8x11 in. 
Blue leatherette covers. Published by 
the Bakelite Corporation, 30 East 42nd 
St., New York, N. Y. Price $3.50. 


Designed as a handbook that covers 
the art of molding plastic products, this 
volume discusses all the important 





phases of molding processes and type 
of molding equipment employed in com. 
mercial production. Short descriptions 
of the various phenolic, urea, polysty. 
rene, cellulose acetate and vinylite plas. 
tic molding materials are included, also 
lists of common molding faults with 
their causes and remedies. 

This fourth edition also contains a 
section on cost accounting, with sample 
record keeping and cost control forms. 
For engineering calculations a section 
is devoted to conversion tables, prop. 
erties of materials, steam pressure— 
temperature factors, fluid flow in pipes, 
and general mathematical tables. 


Helical Compression Springs 


Keysor, Pletta, and Maher—Bulletin oj 
Virginia Polytechnic Institute, Blacksburg, 
Va., Engineering Experiment Station Series 
No. 47, 33 pages 6 x 9 in., paper cover. 


Available free. 


Three phases of spring design are cov. 
ered in these reports to a special research 
committee of The American Society of Me. 
chanical Engineers. The Calculation of the 
Elastic Curve of a Helical Compression 
Spring without making the usual assump- 
tion of axial loading but assuming eccen- 
tric loading is discussed in Part I. 

The subject of Part II is Helix Warp. 
ing in Helical Compression Springs and 
is based on further research in which actual 
and theoretical behavior are found to agree. 
Tests on Load-Deflection Characteristics of 
Helical Springs, described in Part III, 
show the effect of cold-working helical 
springs after heat treatment. 


Symposium on Color 


86 pages, 6x9 in. Published by Ameri- 
can Society for Testing Materials, 260 S. 
Broad St., Philadelphia, Pa. Price, paper 
binding, $1; cloth binding, $1.25. 


Stressing the importance of adequate 
specifications, this publication prints the 
technical: papers presented in March at 
the Symposium on Color jointly sponsored 
by A.S.T.M. and the Inter-Society Color 
Council. Subjects covered include: color 
specifications, hiding power and opacity, 
color standards for opaque materials, spec 
trophotometry and color evaluation and 
pholoelectric tristimulus colorimetry. 


Catechism of Electrical Machinery 


101 illustrations, 48 pages, 81 by 11 in. 
Published by Fairbanks, Morse & Co., 600 
S. Michigan Ave., Chicago, Ill. Available 


free. 


Written for those who are not entirely 
familiar with the subject, this catechism 
begins by explaining electricity and mag 
netism as utilized in electric generators 
and motors, and goes on to discuss im 
portant electrical measurements, Princi 
ples of d.c. generators and motors are pre 
sented next, followed by a study of alter 
nators and a.c. motors. Illustrations and 
simplified diagrams are included. 
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HELICAL TENSION SPRING TABLES—I 


PAUL KLAMP 


THE TENSION SPRING TABLES appearing 
in this and following issues are of the 
same general type as the compression 
spring tables published іп Ркорост 
ENGINEERING for August, September, 
November and December, 1939. A simi- 
lar quick and convenient method for 
selection of tension springs does away 
with the usual cut-and-try process. A 
simple method of handling initial ten- 
sion is shown also. Springs with initial 
tension, requiring a certain pull before 
the coils begin to open, have the advan- 
tage of better space economy. In addi- 
tion, they have a better appearance and 
are easier to handle because the initial 
tension keeps them firm and straight. 
Spring manufacturers usually furnish 
springs with initial tension, whereas 
springs wound in the tool room or ma- 
chine shop generally are without initial 
tension. The method presented with 
this series of tables will handle either 
kind with equal ease. 

Fig. 1 shows a spring and load dia- 
gram which illustrates the characteris- 
tics of a spring with initial tension. P., 
Р, and P are the loads at the three posi- 
tions indicated. From the diagram and 
the definitions given for the load-in- 
crease factor i, the spring ratio R and 
the initial tension 7, the formulas with 
Fig. 1 are derived. Since this involved 
simple algebraical steps, the derivation 


Table 


Initial Tension Factor, T 
MAXIMUM VALUES 





Stress Group 


Spring Ratio Low Med. High 


Up to 0.500 0.10 0.09 0.08 
0.500 to 0.750 0.15 0.13 0.12 
0.750 to 1.000 0.18 0.16 0.14 


l to 1.25 0.21 0.18 0.16 
1.25 0 1.50 0.23 0.20 0.18 
1.50 to 1.75 0.25 0.22 0.19 
1.75 to 2.00 0.26 0.23 0.20 
2.00 to 2.50 0.27 0.24 0.21 
2.50 to 3.00 0.29 0.25 0.22 
3.00 to 3.50 0.31 0.26 0.22 
3.50 to 4.00 0.32 0.27 0.23 
1.00 to 5.00 0.34 0.28 0.2 
3.00 to 6.00 0.36 0.29 0.25 
Over 6.00 0.38 0.31 
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*free length, min." and *max. working 
length" apply to the coiled section, cen- 
ter line to center line wire, as shown by 
L, in Fig. 1, whereas on drawings, the 


of these formulas has been omitted. For 
springs without initial tension, the factor 
T becomes zero. It should be noted that 
in all spring calculations the terms 


Table A—Stress Groups for General Purpose Springs 





RapPID RECIPROCATING 
MOTION WITH 

| VARIABLE WORKING 

STROKE. Max. Loap 


RAPID 
RECIPROCATION 



































М INFRE-| APPROACHED ÍN- 
22 IRE | QUENT FREQUENTLY. ALSO 
MATERIAL Dia. | OR | Stow RECIPROCATION 
STATIC| — ы es E d 
Loaps LOAD INCREASE LOAD INCREASE 
FACTOR, i FACTOR, i 
Up to Over Up to| 1.4- |1.667|1.8-2 
1.9 15 1.399] 2.9 
Music wire.. Small (High High High High High High High 
€ 'arbon steel prete mpered Med. High Med. Low Med. меа. Low |Low 
Hot rolled steel heat Larger Me ad. |Med. Low Med. (Low Low 
treated after coiling | 
Cales "ied hard drawn Med. Low Low | Low 
Special high grade valve Med. High High | High | High | High | High 
spring wire pretempered sizes | | | | | 
Stainless steel... Med. & Low ож Low | | | 
large | | | | | 
С 'hrome vanadium steel Med. High (High | High High |High | Med. m 


wire quenched and tem-|and | | | 
pered after coiling large | | | | | 
i 





Use a lower stress group when the spring is subject to corrosion or when spring failure 
will have serious consequences. 


TTS e meme A SLE TES AEE О. 


+ mox. v rime le th - > 4 
| mox. working length P = /nitial load 
. , mim / 
= р working length --»a-S Stroke -» P, = Load æt mın.W. L 
a 2 Р Load at max.Wwl. 
К }, к, TUS M) f A і CNN i = Load increase row for == 
' ES \ \ 
=" ttt т T $ HHH ү ^ ° zi lo i 
i i bini | R Мана ад. 
etin tite 7.07.7 на T" Р, 
= ee ww wes nitial tension factor Р 
Free T da i T fer springs without 
x lo ни D tal deflection - tial tension 
P= Pi 
D ^+ 
Р * i-l 
ы la = D4R 
Y ' D - D4(CI-TD 
ы* l lo T D 
„= PT 
lo RED xl 
c D, Theoretical deflection- = 
Fig. 1 —Spring and load diagram for springs with initial tension 











free length usually is taken between 
hooks. 

Tables A and C, which are given here, 
are used in the same way as the cor- 
responding tables appearing with the 
compression spring tables. Their appli- 
cation will be apparent from the direc- 
tions for spring selections in following 
issues, 


Table D shows the maximum initial 


tension factor T that can be used for a 
spring of given ratio and stress group. 
It is preferable to use a value somewhat 
below the maximum, say about 25 per- 
cent lower, although the full value may 
be used if necessary. 

The choice of the load-increase factor 
i depends on the requirements of the 
mechanism of which the spring is a 
part. Usually the load at the minimum 


working length is the basic load and a 
large load increase during the working 
stroke is not desirable. But, the smaller 
the load-increase factor, the larger will 
be the required spring. Good average 
values for i are 1.40 and 1.50. However, 
if the spring has to provide a larger 
accelerating force during the first part 
of its contraction, a greater value for ; 
is in order. 


Table C—vValues for Theoretical Deflection, D: 


(IN INCHES) 





























Work- | LoAD INCREASE FACTOR, i 
ing —-—- -— ا‎ OL 
stroke 1.2 1.25 | 1.333 1.4 1.5 
їп. amp р MPs suit » 
Frac Dec. | Frac. Dec Frac. | Dec. | Frac. | Dec. | Frac. | Dec. 
1/32) 3/16) 0.188] 5/32) 0.156] 1/8 | 0.125] 7/64) 0.109 
3/64 9/32) 0.281 15/64| 0.234 3/16| 0.188 0.164 9/64| 0.141 
| 
1/16 3/8| 0.375 5/16| 0.313 1/4| 0.250 7/32| 0.219 3/16| 0.188 
5/64] 15/32| 0.469 25/64| 0.391 5/16| 0.313 0.273| 15/64| 0.234 
3/32 9/16| 0.563 15/32| 0.469 3/8 | 0.375| 21/64| 0.328 9/32) 0.281 
1/64, 21/32 0.656 35/64| 0.547 1/16| 0.438 0.383] 21/64) 0.328 
1/8 3/4 | 0.750 5/8 | 0.625 1/2 | 0.500 1/16| 0.438 3/8 | 0.375 
5/32| 15/16| 0.938 25/32| 0.781 5/8 | 0.625] 35/64| 0.547| 15/32| 0.469 
3/161 1/8 1.125| 15/16| 0.938 3/4 | 0.750] 21/32) 0.656 9/16| 0.563 
7/3211 5/16) 1.313) 1 3/32] 1.094 7/8 | 0.875) 49/64] 0.766) 21/32) 0.656 
1/4 1 1/2 | 1.500 1 1/4 | 1.250) 1 1.000] 7/8 | 0.875 3/4 | 0.750 
9/3211 11/16) 1.688) 1 13/32) 1.406) 1 8 | 1.125) 63/64) 0.984) 27/32] 0.844 
5/161 7/8 | 1.875) 1 9/16) 1.563 1 1/4 | 1.2501 3/32] 1.094) 15/16) 0.938 
11/32|2 1/16) 2.063) 1 23/32) 1.719) 1 3/8 | 1.375)1 13/64| 1.2031 1/32| 1.031 
3/8 2 1/4 | 2.250) 1 7/8 | 1.875) 1 1/2 | 1.500)1 5/16) 1.313)1 1/8 | 1.125 
13/3292 7/16) 2.438] 2 1/32 2.031 1 5/8 | 1.6251 27/64 1.4221 7/32] 1.219 
71/16/12 5/8 | 2.625) 2 3/16| 2.188| 1 3/4 | 1.75011 17/32| 1.531]1 5/16| 1.313 
15/32]2 13/16, 2.813| 2 11/32| 2.344| 1 7/8 | 1.875|1 41/64| 1.641|1 13/32| 1.406 
1/2 |3 3.000| 2 1/2 | 2.500| 2 2.0003] 3/4] 1.750] 1/2 | 1.500 
9/163 3/8 | 3.375| 2 13/16| 2.813| 2 1/4 | 2.250]1 31/32| 1.96911 11/16| 1.688 
5/8 |3 3/4 | 3.750| 3 1/8 | 3.125| 2 1/2 | 2.500/2  3/16| 2.1881 7/8 | 1.875 
11/164 1/8 | 4.125| 3 7/16| 3.438| 2 3/4 | 2.750/2 13/32| 2.406/2 1/16| 2.063 
3/4 |4 1/2 | 4.500 3 3/4 | 3.750| 3 3.00012 5/8 | 2.62512 1/4 | 2.250 
13/164 7/8 | 4.875) 4 1/16 4.063 3 1/4 | 3.2502 27/32| 2.8442 7/16| 2.438 
7/8 |5 1/4 | 5.250) 4 3/8 | 4.375] 3 1/2 | 3.5003 1/16| 3.0632 5/8 | 2.625 
15/165 5/8 | 5.625| 4 11/16| 4.688| 3 3/4 | 3.750]3 9/32| 3.281|2 13/16| 2.813 
1" i 6.000) 5 5.000) 4 4.0003 1/2 | 3.50013 3.000 
1 1/8 |6 3/4 | 6.750) 5 5/8 | 5.625) 4 1/2 | 4.50013 15/16| 3.93813 3/8 | 3.375 
1 1/4 |7 1/2 | 7.500 6 1/4 | 6.250| 5 5.0004 3/8 | 4.3753 3/4 | 3.750 
1 3/8 [8 1/4 | 8.250 6 7/8 | 6.875] 5 1/2 | 5.5004 13/16| 4.8134 18 | 4.125 
1 1/2 |9 9.000; 7 1/2 | 7.500) 6 6.00055 1/4 | 5.2504 1/2 | 4.500 
1 5/8 |9 3/4 | 9.750 8 1/8 | 8.125| 6 1/2 | 6.5005 11/16 5.6884 7/8 | 4.875 
1 3/4 | | | 8 3/4 | 8.750) 7 7.0006 1/8 | 6.1255 1/4 | 5.250 
1 7/8 | 9 3/8 | 9.375| 7 1/2 | 7.5006 9/16| 6.5635 5/8 | 5.625 
2 10 10.000! 8 8.0007 7.0006 6.000 
21/4 | | 9 9.0007 т/8 | 7.8756 3/4 | 6.750 
Sif i 10 10.0008 3/4 | 8.7507 1/2 | 7.500 
2 3/4 р, = — Х 8 9 5/8 | 9.62518 1/4 | 8.250 
| 1—1 
3 9 9.000 
3 1/4 D, — theoretical deflection 9 3/4 | 9.750 
3 1/2 
3 3/4 s — working stroke 
| load at min. working length 
1 i — load increase factor — س‎ 
1 1/2 load at max. working length 
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Frac. | Dec. | Frac. | Dec. | Frac. | D« 
5/32| 0.156 9/64| 0.141 1/8/0.125 
0.195 0.176 5/32|0.156 

15/64| 0.234 0.211 3/16/0.188 
0.273 0.246 1/32/0.219 

5/16| 0.313 9/32| 0.281 1/4 10.250 
25/64 0.391 0.352 5/1610.313 
15/32| 0.469] 27/64) 0.422 3/8 |0.375 
35/641 0.547 0.492 1/16/0.438 
5/8 | 0.625 9/16| 0.563 1/2 0.50 
45/64) 0.703 0.633 9/16/0.563 
25/32| 0.781] 45/64| 0.703 5/8 |0.625 
55/64| 0.859 0.77 11/16/0.688 
15/16| 0.938| 27/32| 0.844 3/4 |0.750 
1/64| 1.016 0.914| 13/16/0.813 
3/32| 1.094| 63/64| 0.984 1/8 |0.875 
11/64| 1.172 1.054| 15/16/0.938 
1/4 | 1.2501 1/8 | 1.125| 1 1.000 
13/32] 1.406]1 17/64| 1.266| 1 1/8 [1.125 
9/16| 1.563|1 13/32| 1.406| 1 1/4 |1.250 
23/32| 1.719]1 35/64| 1.547| 1 3/8 |1.375 
7/8 | 1.875/1 11/16| 1.688| 1 1/2 |1.500 
1/32] 2.03111 53/64| 1.828| 1 5/8 [1.625 
3/16] 2.188|1 31/32] 1.969 1 3/4 |1. 750 
11/32] 2.34412 7/64| 2.109| 1 7/8 |1.875 
1/2 | 2.500]2 .1/4 | 2.250| 2 2.000 
13/16| 2.813|2 17/32| 2.531| 2 1/4 |2.250 
1/8 | 3.125|2 13/16| 2.813| 2 1/2 |2.500 
7/16| 3.438|3 3/32) 3.094) 2 3/4 |2.750 
3/4 | 3.75013 3/8 | 3.375] 3 3.000 
1/16| 4.063|3 21/32] 3.656) 3 1/4 |3.250 
3/8 | 4.375/3 15/16} 3.938] 3 1/2 |3.500 
11/16| 4.688|4 7/32) 4.219) 3 3/4 |3.750 
5.0004 1/2 | 4.500] 4 4.000 

5/8 | 5.62515 1/16| 5.063| 4 1/2 |4.500 
1/4 | 6.2505 5/8 | 5.625] 5 5.000 
7/8 | 6.8756 3/16) 6.188 5 1/2/5.500 
1/2 | 7.5006 3/4 | 6.750| 6 6.000 
1/8 | 8.125|7 5/16| 7.313| 6 1/2 |6.500 
3/4| 8.7507 7/8 | 7.875| 7 1.000 
3/8 | 9.3758 7/16| 8.438| 7 1/2 |7.500 
10.000/9 9.000) 8 8.000 

9 9.000 
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GEORGE F. NORDENHOLT, Editor 


We Should Know More About Steel 


"To THE WINNER BELONG THE SPOILS.” This applies not 
only to warfare but also to business and economic rela- 
tionships. When this war is over-there will be a tremen- 
dous battle to capture markets and far out in the forefront 
of this contest will be the competition of materials. With 
aluminum at ten cents a pound, it is only fifteen cents 
now, with plastics available at lower prices as the result 
of greater mass production, with low-priced synthetic 
rubber, resin bonded veneers, and glass for mechanical 
parts all seeking to maintain and to develop new fields 
of use, there will be “battles royal” to induce the design 
engineer to use this or that material. 


When that situation arises there will also be a con- 
trolling factor that will largely determine which material 
the design engineer will use. That factor will be the design 
efficiency of the material. It is a factor which is important 
today but after the wholesale destruction of war ceases, 
the efficiency with which a material can be used will be 
the prime consideration. 


With the world impoverished (even the richest nation 
will be poor) and facing a tremendous job of rebuilding 
and rehabilitating, circumstances and competition will 
compel that everything be done at maximum efficiency. 
That which is inefficient will be avoided. This will apply 
to all activities including design, production, promotion, 
sales and services. By that token, the material which in 
the mind of the engineer is most “efficient” with respect 
to meeting service requirements, economy of fabrication 
and assembly and total cost, will be the material to use. 


Fortunately for the design engineers, with only a few 
glaring exceptions the producers of materials have eagerly 
sought to find out how to use the materials. This informa- 
tion has been broadcast as it has been uncovered. Perhaps 


the leader has been the Aluminum Company of America. 
At great cost, the research laboratories of that company 
have developed design formulas and by extensive tests 
have determined the constants and other factors to be used 
in design calculations. The physical properties of alumi- 
num and aluminum alloys have been found by exhaustive 
tests. Details concerning manufacturing processes have 
also been established. 


Much the same might be said about many other 
materials including plastics, synthetic rubber, and natural 
rubber. But it cannot be said of steel, the oldest and most 
widely used material of construction. 


Perhaps the steel industry has been negligent with 
reference to technological developments in the use of steel 
and the development of design data, merely because it is 
the oldest of these industries. When steel was in its period 
of rapid growth, the science of engineering design was 
almost non-existant. But be that as it may, today there is 
the American Iron and Steel Institute. In the sum total, 
the steel industry has money to spend. Designers should 
be told how to use steel efficiently. 


It takes time to organize, to conduct tests, to correlate 
data, to establish design constants and to develop design 
procedures and production techniques. But not until this 
has been done, can the steel industry tell the design and 
production engineers “How to Use Steel Most Efficiently.” 
Unless such a job is done, the present switches to plastics, 
glass, rubber, and other materials will in many cases prove 
to be permanent. Meanwhile aluminum and perhaps some 
other metals will make further inroads into the fields of 
use that once were considered the domain of steel. 


Naturally, the designer prefers that material about 
which he knows most and can use most efficiently. 
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WIRING FOR AIRCRAFT 


Electrical Assembly Designs That Speed Production 


IRPLANES of a single model 
today are being built by the 
hundreds, and in not a few in- 

stances by the thousands. The call for 
mass production of airplanes has given 
rise to modern assembly lines similar 
to those in the automotive industry. 
The number of planes on order does not 
compare in any respect with the amount 
of automobiles that are being produced, 
therefore, it is not likely that airplane 
assembly lines will be as detailed as are 
automobile lines. 

Studies have shown that in order to 
keep the assembly line moving in an 
uninterrupted flow, operations in the 
final assembly department should be as 
few as possible. At the same time, the 
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LESTER C. JONES 


Engineer, Lockheed Aircraft Corporation 


number of men engaged in final as- 


sembly should be small. Final assembly 
is not a fabrication department, nor 
should it be a sub-assembly department. 
Its function should be that of installing 
complete, component assemblies that 
have been delivered ready for installa- 
tion from the various sub-assembly 
lines. 

When insufficient thought is given to 
the practical application of the design, 
a “bottleneck” is likely to exist in 
regard to electrical installations. When 
electrical lines are not broken in the 
proper places to facilitate completion 
of bench assembly units some assem- 
blies may have to be completed in the 
final assembly department or sometimes 


on the airplane, thereby causing un 
necessary congestion and consequent 
delay in the completion of the airplane. 
To avoid conditions of this kind, design 
engineers should constantly keep in 


mind the production problems that are 
inherent in their designs. In other 
words, they should “design for pro- 
duction." 

The breakdown of the electrical parts 
of the airplane should be handled like 
that of any other portion. Drawings 
should be made of all details and sub- 
assemblies even for simple assemblies 
which may consist of only a plug with 
a few wires soldered to it, as well as 
those like the one shown in Fig. 1 which 
may be so complex that they demand 
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more than one operation. It is im- 
portant, of course, that sub-assemblies 
should be complete in themselves; that 
is to say, it should be possible for only 
one man to work on the assembly at a 
time. 

If production warrants, an orderly 
assembly may be built to accommodate 
a small assembly of a major assembly. 
Sub-assemblies may then flow into a 
major assembly line. An example of a 
major assembly is shown in Fig. 1, 
which is a junction box having six 
flexible conduit assemblies with a cord 
plug or cord receptacle at the extremity 
farthest from the box. From each cord 
plug comes one or more wires which, 
when\not routed elsewhere, terminate 
at a panel in the box. Each flexible 
conduit with its plug or receptacle and 
wirés make up the complete sub-assem- 
bl. All six sub-assemblies when wired 


Ainto the junction box constitute a major 


assembly; that is, if the assembly is 
then ready for installation. If, however, 
it in turn gets wired or assembled to a 
still larger unit, it then becomes a sub- 
assembly, 

Many departments are affected by 
the design of electrical sub-assemblies. 
Those most concerned in the order of 
their importance are the shop, the stock- 
room, the maintenance or service de- 
partments, and the engineering depart- 
ment, 

For the sake of economy in labor 
costs it is important to keep in the shop 
as much work as is possible in the sub- 
assemblies for it has been determined 
that 40 cents spent in labor in this de- 
partment will be equivalent to $1.50 
spent in the final assembly department. 

For the benefit of the shop, “ease of 
assembly” should be kept constantly in 
mind; hence there are many details that 
must be studied by the design engineer 


Fig. 2 (Left)—An assembly that is too large and delicate to be 





before releasing production-assembly 
drawings to the shop. 

Pictures or photographs that supple- 
ment drawings enable the men in the 
shop to visualize the parts better than 
third-angled projection drawings do. 
Full-sized images of the assembly re- 
produced on a blueprint for shop use 
promote “ease of assembly.” Remem- 
bering the remark attributed to Con- 
fucius that “One picture is worth a 
thousands words,” the designer should 





strive to utilize the advantage which 
pictures possess over words to the fullest 
extent, both in the use of assembly 
drawings and installation drawings. 
Since large blueprints are difficult to 
handle in the factory, smaller drawings 
should be used wherever practical. 
There are times when it is possible to 
design large assemblies, however, they 
may not be practical because of diffi- 
culties which may arise in stocking the 
parts. An assembly should be designed 


Sr 





Fig. 1—Major assembly consisting of a junction box, six flexible conduit assemblies, cord 
plugs and receptacles. Each conduit with fittings and wires is a complete sub-assembly 





stocked as one unit but which is permissible because it can be 


installed as one unit. Fig. 3 (Right)—Junction box sub-assembly with “finger tight” screws and nuts ready for installation 
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with the thought in mind that even 
though it is complex or huge in size, it 
will be assembled on the final assembly 
floor. Although assemblies may be large 
and cumbersome, like that shown in 
Fig. 2, it may be possible to lift them as 
one unit into the airplane. If so, the 
assembly is permissible. 

| For the benefit of the shop, it is de- 
sirable to observe a few rules when 
electrical production assemblies are 
being designed. 





1. Break major assemblies down into 
logical sub-assemblies in order to dis- 
tribute the work over as much man- 
power as possible, 

2. Complete as much work as possible 
on the sub-assembly before it is sent to 
the next assembly. If taping is required 
on a conduit, it should be done on the 
lowest sub-assembly, and all wires that 
make up the sub-assembly should be 
included. When an assembly includes a 
wall plug or receptable all screws, nuts 
and washers used on the installation 
should be installed on the plug or re- 
ceptacle “finger tight”; that is, the nut 
should not be tightened with a wrench. 
This rule should also be followed where 
screws and nuts are used to install 
junction boxes, such as is shown in 
Fig. 3, to facilitate further assembly. 

At the time of installation the nuts 
can be removed by hand and used to 
install the sub-assembly permanently 
in the airplane. 

This procedure should not be followed 
if it is necessary to install the sub- 
assemblies to a subsequent assembly. 
Each and every assembly is a problem 
by itself, and no strict rules can be laid 
down as to the method of designing all 
electrical sub-assemblies. 

3. Completed assemblies like the one 
shown in Fig. 4 may contain members 
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of various breakdowns, for at times it 
is necessary to assemble plumbing, con- 
trol, fuselage, wing, or members of other 
breakdowns in order to make up com- 
plete electrical assemblies. It is worth- 
while to consider these parts as one 
assembly even if it becomes necessary 
to remove the call-out or listing in the 
bill of material for that part from an- 
other breakdown to an electrical draw- 
ing. 

4. Keyways in receptacles and keys 
in mating plugs should be orientated in 
relation to the position of the immediate 
connecting flexible conduit. Straight 
plugs can be orientated only in their 
relative position to a connecting mem- 
ber other than their immediate connect- 
ing flexible conduit. 


5. Wherever possible lugs should be 
installed to the sub-assemblies in their 
lowest breakdown. If the lugs on parts 


Fig. 4 (Left)—Assembly composed of members of more than one breakdown. At times it is necessary to assemble many breakdowns 
in order to make up a complete electrical assembly. Fig. 5 (Right)—Structure of airplane utilized for a junction box 


are too large to pass through a box 
connector change to a union may be 
advisable. The union can then be in- 
stalled on the end of a conduit at the 
bench. The lugs will then be able to 
pass through the hole in the jufiction 
box because of the larger size required 
for the union. These results can also be 
accomplished by using a large “AN” 
box connector and one or two step 
reducer ferrules on the conduit. 


6. The use of flexible conduit or un- 
shielded wire facilitates the installation 
and removal of equipment assemblies 
and junction boxes which have several 
groups of wires coming from them pro- 
vided that: (a) The end of the conduit 
away from the box has a plug or lugs 
on it as a means of a disconnect; (b) 
That if a plug is used all the structure 
between it and the equipment assembly 
must have holes large enough to allow 





Fig. 6—Typical wire harness which consists of everything that goes into an equipment 


assembly except conduits are omitted 
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the plug with its coupling ring to be 
threaded into place; and (c) That if 
lugs are used any hole in the structure, 
additional conduit, fitting, or hole in the 
junction box must be large enough to 
allow the lugs to pass through. At 
times it may be necessary to install the 
lugs directly on the airplane but this 
is not advisable because of the fact 
that the close quarters involved in 
such installation would hamper speedy 
production. This condition is not bad 
from a production standpoint if solder- 
less lugs are used, since few tools are 
necessary in the operation. If it is neces- 
sary to solder lugs or receptacles on 
installation the equipment used for such 
operation is rather awkward to handle. 

7. Wherever possible utilize the ad- 
vantages of the structure of the airplane 
itself in routing electrical wiring. For 
example, the openings of the corruga- 
tions in the wings may be desirable 
replacements of conduits. 

8. If structure is used for a junction 
box, see Fig. 5, the designer should 
make equipment assemblies which con- 
sist of conduits, wires, and lugs, or wire 
harnesses like that shown in Fig. 6, 
which in general consist of everything 
that equipment assemblies are made up 
of with the omission of conduits. These 
assemblies can then be fed into the box, 
using methods mentioned in paragraphs 
5 and 6. Such structural boxes will work 
well when used merely as junction 
boxes, but not when they contain several 
items of equipment. With the latter it 
is much better to use a box which will 
have the equipment all mounted and 
installed before it is placed in the ship. 
However, if a removable piece of struc- 
ture can be utilized to mount the equip- 
ment, see Fig. 7, the assembly may be 
convenient, Both methods of installation 
have their advantages and disadvan- 





Fig. 7—Removable structural member used as a mount for electrical equipment. An 





tages. It is fairly easy for water, gas 
and oil to seep into structural boxes. 
This is not so for tightly inclosed junc- 
tion boxes. Therefore, it is not desirable 
to install structural boxes in the vicinity 
of liquid lines because of the possibility 
of those lines being fractured and con- 
sequently causing disturbances in the 
electrical system. 

9. It is extremely important that all 
wire lugs or terminals be “called-out” 
on the proper assembly. The wires 
should be made up as completely as 
possible and entered on a wire chart or 
tabular detail drawing. Lugs should be 
called for on those drawings unless it is 
impossible to pull the lugs through con- 
duits or fittings at the time of installa- 
tion of the wires to their subsequent 
assemblies. If this condition prevails the 
lugs should not appear on the tabular 
detail drawings but rather on the draw- 
ing of the assembly or installation to 
which the lugs are fastened to the wire. 

It is possible to include 50 detail 
wires on an 7x11 in. drawing. If, for 
example, an airplane contains about 800 
wires, they can then be made into a 
book of the 16 sheets and released to 
the shop in this form. The original draw- 
ing may be large and contain all the 
wire data, but it should be designed so 
that the blueprints can be cut up into 
convenient book form. 

The stockroom also has many prob- 
lems which can be alleviated by careful 
consideration on the part of the de- 
signer. [Illustrations of such are: 

1. Large and complicated assemblies 
sometimes require large storage space, 
and not infrequently take special boxes 
or fixtures to hold them while they are 
in stock or in transit. It is desirable to 
“design around” these types of assem- 
blies. 


2. Breakable parts such as lamps, 


assembly of this type generally is easily installed 
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lenses, windows, fine instruments, or 
other fragile units should not be in- 
cluded in sub-assemblies that have to be 
handled or moved considerably. It is 
advisable to stock these parts separately, 
thus they can be routed directly to the 
final assembly department for installa- 
tion on the airplane. 

3. Delicate, rigid conduits, whether 
they be of a small diameter ọr irregular 
in shape, should not be made a part of 
sub-assemblies. Since they are easily 
damaged, they should be called out 
directly on installations. Damaged con- 
duits create a rejection which in turn 
creates work stoppage. 

The problems in the maintenance de- 
partment are those which involve servic- 
ing the electrical system of the airplane. 


Designers should bear in mind that: 

l. Sub-assemblies lend themselves 
well as regards the procuring of spare 
parts because they can be readily 
stocked and kept for immediate installa- 
tion. Since this factor is extremely 
valuable in the maintaining and servic- 
ing of military aircraft, it is advisable 
to design the sub-assemblies so that 
they can be speedily installed. 

2. Sub-assemblies made in quantity 
lots are practically identical and thus 
are readily interchangeable with one 
another. 

Since all drawings that enter the shop 
must have engineering approval, it is 
important that they conform to engi- 
neering department procedure. It is 
especially desirable that: 

l. Procedure as specified in the 
drafting room manual be followed in 
the makeup of the electrical production 
assembly drawings. Any deviations de- 
sired should be authorized by the 
engineering management, 

2. Engineering groups, other than 
the electrical, affected by production 
assemblies should be notified of any 
change that may interfere with the com- 
position of their drawings, and should 
then cooperate to the fullest in revising 
their drawings if it is found advisable. 


There should be no question in the 
mind of the designer as to the advisa- 
bility of designing production assem- 
blies. The name “production assem- 
blies” is self-explanatory. Obviously it 
is not wise to design production assem- 
blies for an experimental model. It 
would be far better to release the elec- 
trical design on experimental drawings. 
After the experimental model has been 
designed, built and flown, or has proved 
itself, then is the time to consider pro- 
duction assemblies if there is sufficient 
quantity of that model on order to war- 
rant the additional labor required to 
convert the experimental model to a 
production model. 
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Auxiliary Drive for Starting Heavy Rolls 


Rotating mass of dryer sections on 
high-speed (1,500 ft. per min.) 
paper machines weighs approximately 
1,000,000 Ib., and when mechanical 
drives are used the problem of starting 
and accelerating is one of considerable 
magnitude. To overcome this difficulty, 
Rice Barton Corporation has designed 
a two-speed auxiliary drive. Main drive 
comprises a hypoid unit, mechanical 
or magnetic clutch of the cut-off type, 
and tapered cone pulley. Auxiliary | : 
drive consists of two-speed motor, gear КУУ » 4 
reducer, chain drive to over-riding governor - 
clutch and centrifugal governor. 


When starting the paper machine, the slow 
speed of the two-speed auxiliary motor is used 
to provide sufficient breakaway torque. As soon 
as a section has started, the second speed of 
the motor is used to accelerate the dryers to 
approximately 150 ft. per min., at which point 
the main drive clutch is engaged to further 
accelerate the section to running web speed of 
1,500 ft. per min. Step type of motor controller 
is used for smooth acceleration. 









Cmi--60" da. 






-Drying rolls 
(from 30 fo 44 rolis in series 
web speed /,500ff. per mim.) 





Governor cuts in.or out auxiliary mofor 
when web speed exceeds or slows 
down їо /50 ff. per min. 

/ 
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vy Chain drives 






Pinion drive 
a<--shatt to drive units 

























Hypoid gears’ Ё. Сол/са/ pulley belted Auxiliary two-speed 
ut to main drive mofor / motor maintains 
Cutoff ---°" / pre-set web speed 


clutch Overriding clutch. Ё 


Geor reducer------ 
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As soon as eluteh is engaged to 
bring the machine up to its final speed, 
the centrifugal governor automatically 
stops the auxiliary motor and the over- 
riding clutch allows the pinion shaft 
to operate at the final machine speed. 
If the operator wishes to bring the 
machine to a complete stop, he dis- 
engages the clutch, which is auto- 
matically interlocked so that the 
auxiliary motor will not start, and the 
machine comes to rest. If the paper 
should break and “plug up” in the 
dryer section, the operator disengages 
the clutch and pushes a “slow” button 
as though stopping the machine. Then 
as the machine slows up to 150 ft. per 
min., the centrifugal governor closes 
and starts the auxiliary motor, which 
holds the machine speed up to ap- 
proximately 50 ft. per min. for re- 
moving the “broke.” Details of hypoid 
drive unit are given in PRODUCT 
ENcINEERING, April 1941, page 196. 
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To apply split-phase or capacitor- 
start motors for plug reversing service 
instead of the higher maintenance 
repulsion-start induction type on hoists 
(above), cranes, lathes and door open- 
ers, Westinghouse engineers worked out 
this circuit. Mounted in the motor are 
a two-contact centrifugal switch; a 
solenoid relay; and in capacitor mo- 
tors, a resistor. Control mechanism is a 
drum switch or equivalent. Capacitor 
unit (when required) is placed in the 
auxiliary winding circuit. 










Plug Reversing Motors 


Main winding 


000000 
Starting 
winding 








Capacitor-- / 


, 


Centrifugal, 
starting switch 


Motor is started in selected direc- 
tion by closing the drum switch, set- 
ting up a power circuit through the 
relay coil and the motor windings. Line 
voltage across the solenoid relay causes 
it to pull in and lock itself across the 
line, transferring the circuit from lower 
to upper contact. Line voltage across 
the motor main and starting windings 
(including capacitor and resistor in 
capacitor-start motors) causes the mo- 
tor to start in selected direction. At a 
predetermined speed, the centrifugal 


Resistor 


Drum switch 


on 









Line 










starting switch opens, cutting out the 
starting winding. The motor then oper- 
ates on the main winding as an ordi- 
nary single-phase induction motor. 

To plug-reverse the motor, the re- 
versing drum switch is thrown to the 
other side. This reverses the starting 
winding connections with respect to 
main windings. The solenoid relay, by 
dropping to the lower contact, inserts 
the reversed starting winding into the 
circuit, electrically braking the motor 
and starting it in opposite direction. 


Metal Spinning, Standard Parts Specified 





Tank ear heater of Cleaver Brooks 
Company was redesigned by tucking 
water tanks under boiler, rearranging 
other projecting parts for compactness, 
and adding streamlined housing. Ob- 
ject: lower center of gravity and stream- 
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lining for easier towing behind auto- 
mobile, and improved appearance. Rear 
section of dome is metal spinning; 
fenders are standard automobile. 
Space between boiler and steel lagging 
is insulated with rock wool. Inclosure 





Redesign 


over standard 


atomizing type oil 
burner and condensate assembly is 
hinged for accessibility. Water tanks 
are now arc-welded; four-pass, down- 
draft boiler is riveted. Welded frame 
is constructed from channel iron. 
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Even gun carriages are being 
redesigned to conserve strategic 
materials badly needed in other 
phases of defense production. 
Watertown Arsenal engineers 
have replaced aluminum cast- 
ings with welded steel designs, 
giving particular attention to 
maintaining low weight. The 
arsenal has also substituted mal- 
leable iron and steel castings for 
some bronze castings — design 
changes calling only for new 
patterns. 


Housing cover for anti-aircraft gun 
mount was formerly an aluminum alloy 
casting, heat-treated to 28,000 lb. per 
sq. in. tensile strength. The cover is now 
fabricated from steel plates and a 
small casting, welded into a unit which 
is as strong and almost as light as the 
previous aluminum casting. Weld fillets 
are 14 in. and, except for the base and 
bosses which are of fs-in. plate, 44-in. 
steel plate is used. 


Cast Aluminum Bracket 


Thinner sections, cutouts in ribs, 
and minimum boss areas give the 
welded steel bracket at right nearly 
the same weight as the cast aluminum 
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MODERN DESIGNS - Gun Mounts Use Less Aluminum 


Views А-А апа В-В 
same as for above 


Weld fillets. 





bracket at left. Aluminum sections were 
ts-in. thick; steel plate is ¥-in. thick. 
The bracket is 12% in. high, 934 in. 
wide, and 1234 in. long. Machining in- 





= ll'approx.--—— 1 





structions for the two parts are prac 


tically identical, with tolerances of 
0.005 in. allowed for most center-to- 
center distances. 
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Seat bracket for anti-aircraft gun 
carriage is now welded from 8 pieces 
of l$-in. steel plate and 7 bosses and 


Cast Aluminum Seat Bracket 





blocks cut from 1020 steel bar stock. 
So closely identical is the welded 
bracket with the previous cast alumi- 


Redesigned for Welding 





num bracket that arsenal engineers have 
referred the shop to the old blueprint 
for machining instructions. 


Blind Laundry Has Prefabricated Housing 


~ 


Local space requirements for 
venetian blind washers manufactured 
by Venetian Blind Laundry, Inc., are 
met by this light-weight, prefabricated 
steel housing construction. Standard 


framing and standard sizes of sheets 
are supplied so that the washer unit can 
be constructed to fit practically any 
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V-washer-> @ 


W° Cross fitting- 


ES 


space. The housing can be assembled 
quickly by unskilled workers, without 
riveting or welding, and new additions 
can quickly be made. Details of the 
Lindsay Structure are shown at right. 

Blinds to be cleaned are hung on 
steel frames carried on overhead mono- 
rail tracks, and are carried into wash- 


‘--Jensioner 





ing chamber where they are sprayed 
with a washing solution and scrubbed 
with long, soft brushes. When clean, 
they are rinsed and moved to drying 
compartment in which air at a tem- 
perature of 110 to 120 deg. F. is cir- 
culated. Housing structure has ample 
strength to carry roof load. 
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Principal consideration in rede- 
sign of Steam-O-Matic iron was to over- 
come unsaleability of large size and 
weight resulting from l-pint water ca- 
pacity. Self-contained boiler type iron 
is controlled by adjustable linear ex- 
pansion type thermostat which governs 
temperature of sole plate whether iron 
is dry or filled. Heating element is 
nichrome wire wound on mica core; 
core is sandwiched between two mica 
plates. Complete element is inclosed in 
copper for thermal conductivity. 

To make it possible to stand iron on 
heel plate while steaming, a Ys-in. dia. 
aluminum tube extends from steam 
vents up into steam dome; opening of 
pipe is above water level at all times. 
Interior of water compartment is filled 
with aluminum wool and is baffled to 
prevent surging of water. 


Comparison of redesigned iron with 
old design shows how polished bead 
around casting makes iron appear 


lighter in weight by reducing illusion 


642 


MODERN DESIGNS - Steam Iron Designed for Lightness 


Wood handle 


Front steam dome 
Steam pipe----. 
Cover gasket of ` 
impregnated \ 
asbestos. 


` 
^ 


Selectro! 


Baffle 
Aluminum `~ 
wool, 


"Sole plate cast 


Fiber | 
of aluminum 


vents’ washer 





plafe 





of height. Graceful handle design is 
limited to compound curves which can 
be reproduced by manufacturers of 


wood handles. Hammered finish was se- 


dial marked 


Selectro! , 
а Р м 
ы « / 
EE Y Г : E 
[9X 11 


for. all fabrics 


Asbestos 
pressure 





Battle prevents boiling 
water from sloshing 
into steam pipe when 
iron is standing on hee/ 


^ 


i), 


^ 


— 


Permanent) 
attached 10000 
cycle cord 
Heel rest permits 
sfonding iron on 


its heel and handk 
hip while steam- 
ing 


=; 


“Sealed Thermostat 


Nichrome 
heating element 


Coverplate, elliptical in shape, is 
constructed so that excess pressure will 
cause it to bend so steam can escape. 
Mounting screws are 3% in. apart. 
Body and cover are of aluminum alloy, 
6 percent copper, 3 percent silicon, 
89 percent aluminum. Soleplate is of 
extra-hard aluminum alloy, and all in- 


terior parts are of aluminum, All alu- 


minum parts with exception of sole 
plate are anodized. Reasons for all. 
aluminum construction are light weight, 
corrosion resistance, and uniform co- 
efficient of thermal expansion for all 
mating parts, No satisfactory substi- 


tute for aluminum has yet been found. 





lected because it camouflages pits which 
frequently occur in aluminum castings. 
Brooks Stevens did the redesign job 
for Steam-O-Matic Corporation. 





Propuct ENGINEERING 




















High-speed rotary presses consist 
of several printing and folding units 
set up in line. Therefore, vibration iso- 
lation devices should be designed of 
materials that will not deteriorate dur- 
ing ten-year life of the press or take 
a permanent set that will throw units 


out of line, Goss Printing Press Com- 


pany recently patented this continuous 
beam spring mounting having two piv- 
oted supports and two overhanging 
unsymmetrical loads. Friction in pivots 
dampens as much as 96 percent of vi- 
bration. Typical installation with seven 
printing and one folding units has three 


pairs of spring mountings running 


Spring Mountings Dampen Press Vibration 


lengthwise and a single mounting run- 
ning crosswise near center. 

Each spring mounting consists of sev- 
eral flat spring steel (SAE 2340) leaves 
set on edge and fastened at ends by 
through-bolts. Spring assembly is car- 
ried on saddles which form bearing for 
lower pivot pins. Tie frame between 
columns is supported on upper pivots. 
Column loadings vary, so uniform de- 
flection for all spring units is obtained 
by varying number of leaves in springs 
and by varying relative position of lower 
and upper pivots, Standardized unit is 
designed for 12 springs; where fewer 
are required, dummy bars are inserted. 


Ends pinned and welled 
fo pipe before rubber ~~~. 
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rest on found- 
“ation 


Cross braces for Rice Barton four- 
drinier machines are welded from steel 
pipe as shown at right, and are sub- 
ject to severe corrosion from “white 
water” which splashes down on them. 
Pipe diameters vary from 2Y5 to 8 in., 
and lengths vary from 8 to 22 ft. Rice 
Barton Corporation previously pro- 
tected the braces by pulling brass or 
Monel tubes over the pipes and brazing 
the joints. Copper was temporarily 
substituted when these metals became 
scarce, Good corrosion-resistance is now 
obtained by vulcanizing a coating of 
rubber over the complete brace after 
assembly by welding. Coating is slightly 
less than %4 in. thick, is non-porous, 
and has excellent resistance to mechan- 
ical abuse. Cost compares favorably 


with that for Monel. 
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MODERN DESIGNS - Dials and Handwheels Redesigned 





ALUMINUM 





Cast aluminum graduated dial for 
vertical surface grinder will be made 
of spun steel when aluminum runs out. 
Chief requirement of material for this 
part was lightweight for minimum in- 
ertia. Dial is geared to handwheel and 
spins at about 200 r.p.m. under power 
rapid traverse. Handwheel itself spins 
at 800 r.p.m.; it also is made of alu- 
minum, but substitute is undecided. 
The dial now consists of a steel spin- 


ning approximately 0.093 in. thick, two 
small lugs, and a hub turned of steel 
tube stock, all assembled by brass 
brazing. To counterbalance the two 
lugs, another small steel piece is brazed 
on diametrically opposite. Spun dial 
must be normalized after brazing and 
respun to correct concentricity. Dial is 
cadmium plated when finished. The 45- 
deg. bevel around the outside of the 
dial is machined; rest of the dial is 


Weld 
in 


Section C-C 





merely polished before the graduations 
are engraved by cutters. The only tools 
required for the spinning are two steel 
chucks costing about $92. Cost of spin- 
ning and brazing is $6.50 per piece, 
to which must be added the cost of the 
hub, cost of the other three small parts, 
cost of the engraving, cost of the plating 
and polishing. Total cost of the spun 
dial, therefore, is close to the $14.50 
cost of the cast aluminum dial. 





Plasties replaces an aluminum casting in Warner and 
Swasey's *Preselector"—a device mounted on a turret lathe 
headstock to permit the operator to preselect his work speeds 
and shift gears and to permit him to operate the clutches 
and head brake with a single lever. Production of plastic 
dial drums saves 1,400 lb. of aluminum each month and has 
reduced manufacturing costs 80 percent. The only machin- 
ing required on the phenolic resin drum is drilling a small 
oil hole. Plastic and aluminum preselectors are identical in 
all dimensions, with the exception that the plastic castella- 
tions are reinforced by ribs. This was not possible with 
the aluminum dial drum because machining was necessary 
both inside and out. 
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Hard rubber vulcanized over a welded core of 43-in. 
steel rod gives Warner & Swasey a turret lathe handwheel 
that is lighter and less expensive than the previous cast 
aluminum handle. Three spoke cores in new wheel are 
welded to cast iron hub and to rim core. Shape of wheel 
differs only slightly from that of cast aluminum wheel; one 
difference is in cored recesses in rubber around hub, done 
to facilitate curing. Hard rubber handwheel is supplied 
finished to a high polish, and requires no turning and boring 
operations as were necessary for aluminum wheels. Hard 
rubber specified is same as for steering wheels in trucks and 
tractors. Two sizes are being made: 16% and 20 in. dia. 
Substitution is permanent. 
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FABRIC ATTACHMENTS - II 


Test Results and Specifications for Improved Lacing 


HE STRENGTHS of the com- 
Е materials in fabric cover- 

ings and factors that influence the 
strength and efficiency of laced attach- 
ments were discussed in Part I (Novem- 
ber P.E.). This concluding part of the 
article goes into further details, ex- 
plains design procedure, and presents 
a graphical method, developed by Wil. 
liam H. Miller of the Bureau of Aero- 
nautics, for calculating ultimate design 
pressures on upper surface of airfoils. 


Types of Knots 


Another phase of the investigation 
was devoted to the study of the effi 
ciency of the knots used for the stitch 
tie-off and for joining separate pieces 
of lacing cord. The knot most com- 
monly used for the stitch tie-off is shown 
in Fig. 6. When properly tied, this knot, 
called the Seine knot, is fairly secure, 
but its construction is such that it may 
easily be tied in the false form shown 
in Fig. 7, which has no security at all. 
After considerable experimenting the 
improved knot shown in Fig. 8 was 
adopted as the standard for stitch tie- 
off purposes. This knot is easy to tie and 
cannot be tied improperly. Its strength 
as demonstrated by tests is slightly 
greater than the Seine knot and it pro- 
vides excellent security for initial ten- 
sion in the lacing cords. 

It can easily be demonstrated that 
two ends of waxed lacing cord joined 
together by a square knot can be slipped 
and pulled completely apart with a pull 
of 10 to 20 Ib. Obviously when this knot 
occurs in the loaded cord on the inside 
of the wing between the upper and 
lower covers it represents a potential 
weak point in the lacing attachment. 
The splice knot shown in Fig. 9 is the 
most efficient of the many which were 
tested. This knot develops a strength 
of approximately 35 lb. and if properly 
eed will not show any appreciable 
slip. 


Stress Design of 
Laced Cover Attachments 


It has been demonstrated how laced 
cover attachments can be assembled 
by production methods to show a 
strength of 60 Ib. per stitch. It must be 
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Seine Knot 
Incorrectly Tightened 


Seine Knot 
Correctly Tightened 


Fig. 6—Seine knot is the one most commonly used for the stitch tie-off. When properly 
made it is fairly secure. Fig. 7—A falsely tied Seine knot of no security results 
when knot is not tightened correctly 
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Fig. 8—This improved knot is simple to make, cannot be made ineffective by improper 
tightening and is stronger than the Seine knot 


SSSI S 
U 
4 


КА 4 


US 


ы! | | У < к < 


A W NG 


/ 
| 
cM 





Fig. 9—The common square knot in waxed cord pulls apart under tension. The splice 
knot shown here is the most efficient of many tested, develops a strength of approxi- 
mately 35 lb. and will not show any appreciable slip if it has been tightened properly 
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Fig. 10—Graphical solution for the determination of design ultimate pressures imposed оп WINE SMM Jurta 
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remembered that this strength applies 
only to covers assembled from com- 
ponent materials identical with or equal 
to those used in the tests and to a plain 
capstrip one-half inch wide. In all in- 
dividual cases the allowable stitch 
strength should be determined from 
actual pressure blow-off tests using the 
same component materials, capstrip and 
rib spacing which are to be used in the 
particular airplane under construction. 
The exact stitch strength determined 
from these tests, which may be any- 
where from 40 to 70 1b., depending on 
the materials used, may then be em- 
ployed as the basis of the stress de- 
| sign of the whole cover assembly. The 
| next step is to determine the maximum 
| load which will be imposed in flight. 
| The number of stitches per lineal inch 
of capstrip required to take this load 
can then easily be calculated. 

The design ultimate pressure (nega- 
tive) at any point on the upper surface 
of a wing depends upon the airfoil sec- 
tion used and is a function of the max- 
imum velocity, the wing loading, and 
the maximum acceleration which is per- 
mitted to be developed in flight. Since 
this pressure is a function of the char- 
acteristics of the individual airfoil 
used, a simple expression cannot be 
derived to apply to all airplanes. For 
the purpose of simplifying the work 
and calculation, however, a relationship 
may be evolved based on “envelope” 
curves of values of maximum upper 
surface pressures for any given series 
of airfoils, including correction factors 


to allow for peaks in the spanwise load- 


ing and for biplane effect as applicable. 
A factor of safety equal to that allowed 
for the wing structure at yield must be 
included also. In Fig. 10 is shown a 
graphical solution of a quantitative 
equation derived to express this “en- 
velope” relationship as applicable to a 
particular series of airfoils. As an ex- 
ample to illustrate the method of using 
a chart of this type, assume: 


à à W Gross weight 
Wing loading = = 
— S Total wing area 
= 16 lb. per sq. ft. 
Maximum acceleration = g’ = 69 
Maximum velocity = V = 300 m.p.h. 


Also assume that the lacing will begin 
at the rear edge of the front beam, at a 
point aft of the leading edge equal to 
12 percent of the chord. 

Enter the graph on the vertical line 
marked “Percent Airfoil Chord” at 12 
percent and draw a horizontal line 
through this point intersecting the 
curved parametric line for W/S = 16 
lb. per sq. ft. at Æ and the curved para- 
metric line for V = 300 m.p.h. at B. 
From A draw a vertical line to inter- 
sect the parametric line for acceleration, 
g = 6g at C. From C draw a horizon- 
tal line to intersect at D, a vertical line 
drawn from B. Project point D parallel 
to the parametric lines of “Pressures” 
to the vertical scale marked “Upper 
Surface Design Ultimate Pressures” 
and read the value which, in this ex- 
ample, is 3.75 lb. per sq.in. Since this 
design ultimate pressure applies only 


to the low angle attack condition it is 
advisable to investigate the pressure at 
the same point for the high angle of 
attack condition which, in this particu- 
lar case, corresponds to 


Cz = 2.0 
Then  V214vgXW/S 
—-14v6X16. 
— 137.2 m.p.h. 


Proceeding with the aid of the chart 
as above, the design ultimate pressure 
at 12 percent of the chord for high 
angle of attack = 2.70 lb. per sq. in. 
Pressures for both low and high angles 
of attack are investigated for a number 
of points along the chord as follows: 





High Angle Low Angle 

Attack Attack 

Percent V--1313 V —300 

Chord m.p.h. m.p.h. 
5 3.63 4.25 
10 2.95 3.95 
12 2.10 3.15 
15 2.45 3.55 

1.825—P n:x./2 
25 1.80 3.00 
35 1.35 2.55 
2.125—Pmax./2 

50 0.85 1.80 


Curves similar to those shown in Fig. 
11 may then be plotted to show the dis- 
tribution of the pressure. From the 
above, we find that the design ultimate 
pressure is 4.25 lb. per sq. in. at 5 per- 
cent of the chord, for the low angle of 
attack condition. Since this pressure 
occurs forward of the beam and stitch- 
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Б" 16 Ib. per sq. ft. 


Curves such as this are plotted from the calculated pressures to show the distribution of pressure over wing surface 


647 








ing, the design ultimate pressure applic- 
able to stich loading is 3.75 lb. per 
sq. in. as shown before. Given a proved 
stitch strength of 50 Ib. and rib spacing 
of 10 in, the number of stitches re- 
quired per inch is, 


rib spacing X P 


N = stitch strength 
_ 10X 3.75 
B 50 
= 0.75 
and stitch spacing will be, 
1 in. 1 in. н 
S-—w- 7-975 "1399im. 


For simplification use the next lowest 
one-quarter inch, or S — 114 in. Thus, 
it is determined that in the example 
above, a laced cover attachment with 
stitch spacing of 1!4 in. will carry the 
peak pressure with a factor of safety of 
approximately 2.0. This factor of safety 
will not seem excessive when it is re- 
membered that the stitch strength was 
determined from tests on new materials 
under conditions free from vibration 
and other influences which might tend 
to impair strength. Because of the im- 
possibility of accurately measuring or 
estimating the amount of deterioration 
which will occur, it is well to provide 
an adequate reserve. 

Since the maximum pressure for 
which the cover in the above example 
is designed occurs at 12 percent of the 
chord and tapers off aft of this point, it 
is obvious that the stitch spacing of 114 
in. need not be used over the whole 
chord. On the other hand, it is not prac- 
ticable to adjust each stitch spacing to 
correspond to the theoretical pressure. 
It is recommended that the stitch spac- 
ing for the peak pressure be applied 
back to the point where the theoretical 
pressure is approximately one-half the 
peak pressure for the wing. In the pres- 
ent example, one-half the peak pressure 
is 2.125 lb. per sq. in. and occurs at 
about 43 percent of the chord as shown 
in Fig. 10. The stitch spacing from this 
point aft to the trailing edge may then 
be doubled, becoming 2% in. In order 
to simplify work in the shops, it may 
be found convenient to use the closer 
stitch spacing over the whole distance 
between front and rear beams and use 
the double spacing aft of the rear beam. 
It is further recommended that the 
closer spacing be used over the whole of 
the chord in the slipstream area. 


Summary of Recommended 
Practice for Covering 


The condensed outline following. ce- 
scribing the most important details con- 
tributing to efficient covers and attach- 
ments, is presented to serve as a guide 
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for both designers and shop personnel 
in checking process control. It is 
assumed that the engineering depart- 
ment will have calculated the design 
ultimate pressures and, from the re- 
sults of actual pressure blow-off tests, 
specified the required stitch spacing. 
The engineering department should 
also investigate and provide detail in- 
structions for all irregular features of 
assembly such as cut-outs for obstruc- 
tions, anchorage of covers at wing root, 
inspection openings, drainage pro- 
visions, etc. The following practice has 
been proved by experience to provide 
uniform dependable covers: 

(a) PREPARATION or WiNc. Apply 
adhesive tape to all edges with radius 
less than 0.02 in. in contact with lacing 
or cover cloth. 


(b) APPLICATION oF Cover. Stretch 
the cover smooth but avoid any exces- 
sive straining. A tension of two pounds 
per running inch is ample to produce 
a taut drum-like surface after the doping 
has been applied. Excessive straining 
will shorten life of the material. 

(c) APPLICATION OF  ANTI-TEAR 
Strip. If anti-tear strip is called for by 
the engineering department in order 
to provide required stitch strength, 
apply the anti-tear strip with very light 
tension and in a continuous length from 
trailing edge over top surface, around 
nose, and on bottom surface as far back 
as front beam. Apply anti-tear strip on 
wet dope. 


(d) APPLICATION OF REINFORCING 
Tape, Use tape of same width as cap- 
strip, but never use tape that is wider 
than the capstrip. Apply in one contin- 
uous length from trailing edge, around 
nose, and back to trailing edge. Stretch 
the tape to about 10 Ib. tension and tie 
free ends with pieces of lacing cord at 
trailing edge to hold tension. These 
ends and tie-off cord can be cut off after 
first coat of dope has dried. 


(e) Awt Hotes ror Lacinc. Mark 
off the position for the stitches care- 
fully and accurately. Use a sharp awl 
of diameter not larger than the diame- 
ter of lacing needle. Punch the holes 
as near to the capstrip as may be pos- 
sible and avoid mistakes that will neces- 
sitate the punching of more than one 
hole. 


(f) LacINc CORD AND WAXING. Use 
separate lengths of lacing cord approx- 
imately 10 ft. long. Hand wax each cord 
immediately before using it by passing 
it over a block of beeswax about six 
tmes. Do not use the end which has 
been passed through the eye of the 
needle. 

(g) LaciNc. Start lacing with double 


loop stitch at the most forward point 
and work aft with single loop stitches. 





Draw each stitch tight and tie-off with 
the type of knot shown in Fig. 8. For 
best strength, place the tie-off knots 
along the middle of bottom capstrip. 
Never pull these knots through the 
lacing holes. Join successive lengths of 
cord with a splice knot of the type 
shown in Fig. 9. Make finishing stitch 
with double loop or with double tie-of 
knot. 


(h) DopriNcG AND ArPLviwcG Fiwisin- 
ING Tape. After lacing, cut off free ends 
of reinforcing tape at trailing edge. 
Apply second coat of clear dope and 
while this is wet, apply surface tape. 
Smooth down tape by brushing with 
wet dope. Apply remaining dope coats. 


Caution: If sanding is used to in- 
crease smoothness of surface, sand very 
lightly over surface tape and never over 
lacing cords before application of sur- 
face tape. 


It cannot be over-emphasized that 
the most important single factor in the 
integrity of any wing covering is the 
care with which it is applied. The per- 
sonnel performing this work should be 
highly skilled and each operation of 
the process should be carefully dem- 
onstrated to them. Such instruction, to 
be most effective, should include an 
explanation of the reason behind each 
detail, in addition to what to do and 
how to do it. 

The foregoing discussion pertains 
particularly to only one type of fabric 
cover attachment, that is, the laced 
attachment. The information presented 
should enable manufacturers using this 
type of fastening to obtain 50 percent 
additional strength at no material in- 
crease in weight. However, there is 
much yet to be done. Unquestionably, 
higher strengths can be obtained, both 
from the use of improved materials and 
from new types of attachment. As more 
attention is turned to design, many new 
attaching methods other than lacing 
will be devised. For example, the cloth 
has been successfully secured by means 
of a wire clipped to the capstrip at in- 
termittent points. Another design em- 
ploys ‘a grooved capstrip wherein the 
cloth is keyed into the groove. A modi- 
fication of the present laced type is to 
drill the capstrip and lace the cover 
to it by the use of a curved needle. 
Self-tapping screws also have possibili- 
ties. All of these schemes must pass 
through the laboratory stage of devel- 
opment and then finally prove their 
worth by flight service. It is hoped that 
the description of the test methods and 
the outline of approach to the general 
problem as presented here may be of 
some assistance to those interested in 
the further development of high-eff- 
ciency fabric attachments. 
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Causes and Cures 


Casting would not 
fill in here 















i. -_$о/ / id 
casting 








Aluminum alloy die-cast oi] tank 
sump with cast-in studs was changed to 
a permanent mold casting to improve 
the welded joint with the aluminum oil 
tank. Failure soon occurred with the 
studs loosening when the nuts were 


Elevator door-.__ 
е 


Steel channel in A | 
oor sil 


Sliding elevator doors are usually 
held in line by pins, rollers, or springs 
traveling in a channel in the doorway 
sill. When such devices fit neatly they 
cause a scratching noise and when they 
wear to a loose fit the door rattles and 
chatters. This problem has been solved 
by designing a door guide or gib made 
of layers of canvas duck sheets com- 
pressed together and bonded with syn- 
thetic rubber. Gib is fitted in threshold 
groove with sy in. side clearance when 
new, and is riveted to steel bracket 
which is secured to the door. 
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drawn down tight. As no pressure is 
used on a permanent mold casting, the 
metal would not flow into the groove 
nor over the end of the stud. Redesign- 
ing the stud to induce metal flow solved 


the difficulty. 





Steel staples were specified for at- 
taching the paper calibration slips to 
metal cylinders in bathroom scales. 
Ordinary flat-crown staples, made from 
a coil of wire in the automatic stapling 
machine used, were found to be satis- 
factory only for lighter gage cylinders. 
On larger cylinders, staples crumpled 
without penetrating. Cure was to use 
spring-crown staples. The curve in the 
crown tends to flatten out when staple 
is driven, forcing legs of staple outward 
against channels of machine to give legs 
firm lateral support. 


Slight porosity in castings may lead 
to their rejection, but here is a cure for 
some cases. Pump casting shown above, 
on which machining costs had reached 
$15, had specifications which called for 
a 500 lb. per sq. in. water pressure. 
Tests revealed porosity at 100 lb. per 
sq. in. The casting was salvaged by 
impregnating with a new phenolic resin, 
after which it withstood 800 lb. per 
sq. in. without leakage. 


DIFFICULT POINTS TO SEAL in an in- 
ternal combustion engine are ends of 
crankshaft where they leave the crank- 
case. This problem is particularly diffi- 
cult where seal must be split to facili- 
tate assembly of engine. Leather and 
asbestos rope seals have been used, but 
they cannot be formed to exact shapes 
and contours as is required for a satis- 
factory seal. Cure was found with the 
development of synthetic rubber. 


RIGID METAL PIPE handling potash 
brine at elevated temperatures often 
clogged with sharp potash crystals. To 
remove clogging, the maintenance crew 
had to tap the line with wooden mal- 
lets. This did not prevent accretion, 
and frequently the line had to be torn 
down and cleaned. Cure was to sub- 
stitute rubber hose which vibrated when 
solution wás pumped through the line. 


A MOTOR DRIVING a lineshaft in a one- 
story frame building suddenly began to 
run very hot, without apparent cause. 
Shortly before there had been a severe 
snowstorm and it was found that the 
weight of the snow on the roof had 
thrown the lineshaft out of alignment. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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Its Importance 


XPERIENCE SHOWS THAT 
the ultimate strength of metals, 
which is usually the foundation 

for stress calculations, is subject to 
variations. Stresses other than tension, 
compression and bending, that is, shear 
and torsional stresses, show an ultimate 
stress different from the ultimate tensile 
strength. If in addition to such stresses 
a metal is subjected to changing loads 
or to impact, the ultimate strength is 
further reduced. The ultimate tensile 
strength, as found by tests in the tensile 
strength testing machine, therefore ap- 
plies to only static and gradually ap- 
plied loads. Tensile tests*can be made 
conveniently. Also factors which reduce 
the ultimate strength can easily be ex- 
pressed in fractions of ultimate tensile 
strength. 

The cause for reduction of ultimate 
strength is assumed to be the fatigue 
of the metal. This fatigue causes per- 
manent damage in the material. The 
reduction of ultimate strength through 
fatigue is called the endurance limit. 
Endurance limit is usually based on 
500,000,000 cycles of completely re- 
versed stress in the rotating beam 
fatigue machine. 

The inverse value of the fraction of 
allowable stress and ultimate tensile 
strength is called the factor of safety. 
This term is misleading since the allow- 
able stress often is the ultimate strength 
for certain applications. However, it is 
a convenient means of determining the 
allowable stress and for this reason is 
often used in specifications. Used with- 
out discrimination for all parts of a 
structure of a machine, it results in 
waste of material in some instances, and 
may be responsible for weakening of 
vital parts in others. 

In order to eliminate the uncertainty 
of a conventional “factor of safety” and 
to arrive at an allowable stress which is 
in line with actual stress, it is necessary 
to classify the various causes for a re- 
duction of ultimate strength from the 
ultimate strength as found by tensile 
strength testing machines, and from 
the endurance limit as found by the ro- 
tating beam method. 

In each class representing a cause for 
reduction of ultimate strength it is nec- 
essary to establish the ratio of reduc- 
tion for the various metals. Not always 
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ENDURANCE LIMIT 









in Determining Allowable Stress 


H. W. HAMM 


is it possible to rely on tests in this 
respect. Fatigue tests and notch re- 
sistance tests are missing in many in- 
stances, as well as data for various load 
applications. For this reason the de- 
signer is often forced to accept arbitrary 
safety factors which have been found 
satisfactory under circumstances only 
resembling his particular problem. 

In determining the allowable stress 
it must be kept in mind that the as- 
sumed loadings in engineering calcu- 
lations do not always represent the 
actual conditions. If design calcula- 
tions are based on methods that are 
known to give only approximate results, 
it is necessary to reduce the allowable 
stress farther below ultimate tensile 
strength than when the design calcu- 
lations are based on fairly exact 
methods. 

An analysis of the variables that 
cause a. reduction of allowable stress 
is always necessary. For each cause 
the fraction of reduction has to be es- 
tablished, and the final working stress 
will then he found by multiplication of 
all the fractions with the ultimate 
tensile strength. 

The causes for reduction of working 
stress are: 

l. Sddden instead of gradual appli- 
cation of load. The reduction is 50 
percent. 

2. The éndurance limit, as found by 
the rotating’ beam method, applies to 
complete revefsal of the load only. If 
the change of loading is less than that, 
the endurance limit is higher. For the 
latter the empirical formula by Howell 
may be used: 


8 wre 3 in which 


S = Endurance limit for range stress 
S:= Endurance limit as found by rotating 
beam method 


8 = 





Min. stress 
Max. stress 


When the endurance limit is not 
known it is safe to assume the following 
for ferrous alloys: 45 percent of ulti- 
mate tensile strength for wrought 
metals, 40 percent of ultimate tensile 
strength for cast metals. For non- 
ferrous metals and alloys the endurance 
limit is usually lower. 





4. The endurance limit as found by 
the rotating beam method applies to 
tension, compression and bending. For 
shear and torsional stresses it is much 
lower. When the load is static or nearly 
static it may come close to the endur. 
ance limit for flexural stresses. For 
complete reversal of stresses, however, 
it often approximates 50 percent of the 
endurance limit for bending. 

5. Notch-resistance. The endurance 
limit for sections with abrupt changes 
in area, such as keyways, oil grooves, 
rivet holes, bolt holes, and threads is 
lower than for sections without such 
abrupt changes. The reason for this is 
that stress concentrations take place in 
sharp corners and in places where sud. 
den changes of section occur. When the 
reduction of allowable stress from this 
cause is of vital significance, the reduc- 
tion factor can be found by the photo- 
elastic method; otherwise notch- 
resistance may be found from the 
notched bar tests, the results of which 
are given in the following table for five 
metals, 


Notch resistance 


_ End. Limit for Notched Bar 
= End. Limit for Smooth, Bar 


NOTCH RESISTANCE 





Metal Resistance 
Casp Bon..... AL RES 0.85 
Mallesble Шоа.................. 0.66 
Copper е0 0.66 
Wrought Iron ..... S E do. 0.70 
BE oen us rove EH 0.58 





CONCLUSION: For all practical pur- 
poses the allowable stress can be de 
termined by the four reduction factors 
indicated on the chart shown on next 
page. These reduction factors do not 
apply where deflection, protection 
against vibration, or safety of columns 
are the determining factors for the 
size of a part or structure. In design 
calculations for these applications stress 
does not appear at all and modulus of 
elasticity is the determining factor. 


REFERENCES: Kent, Mechanical Engi 
neers Handbook, Edition 1938, Vol. 3 
Structural Aluminum Handbook, Alu 
minum Co. of America, Ed. 1938. Mechan- 
ical Engineering, November 1938, p. 813 
etc. 
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ALLOWABLE STRESS DIAGRAM 
Method for determining allowable stress 


which reduces the ultimate stress in simple 


steps to approximate allowable value 


ENDURANCE LIMIT 


Minimum stress 


Maximum stress 


From Howell formula 


= 0.4 x Ult. TS. 
$,(у +5) 
2 


with S, 


S 
for ferrous metals only 


4 
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6 
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Allowable Stress in 10,000 Lb. per Sq. In. Units 
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Ultimate Tensile Stress in 10,000 Lb. per Sq. In. Units 
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with the deflection of shafts having 

stepped diameters that carry one or 
more loads, it is frequently desirable to 
check the result obtained by one method 
of calculation with the result obtained 
by another method. In this article three 
methods are set forth. Methods involv- 
ing graphical integration and mechan- 
ical integrators are not included. 

The degree of accuracy in the results 
as obtained by the methods outlined is 
affected by several sources of error: 

l. Loads not known exactly. 

2. Stiffening effect of hubs, collars 
and bearings. 

3. Slide rule, numerical and graph- 
ical errors. 

4. Modulus of elasticity not exactly 
known or it may be non-constant be- 
cause of time-yielding characteristics. 

5. Errors in basic mathematical as- 
sumptions. Examples of these are the 
yield at shearing surfaces; sections 
short enough so they no longer behave 
as of infinite length; and the common 
practice of replacing the expression 
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STEPPED-DIAMETER SHAFTS 


Procedures for Calculating Deflections 


A. F. PUCHSTEIN 
Consulting Engineer 


in the equation for the reciprocal of 
radius of curvature. This approxima- 
tion makes the solution more wieldy, but 
restricts its application to small deflec- 
tions such as are customarily allowed 
in machinery or buildings. The error 
introduced by this last factor becomes 
progressively greater as the deflection 
increases. 


PROCEDURE 1 
Differential Equation of Deflection 


= deflection measured in in. from some 
reference line, as the z-axis 
z = distance in in. from some point 
selected as origin on the z-axis 
M = bending moment in lb.in. at any 


point т 

E = Young’s modulus of elasticity, in lb. 
per sq.in. 

I = rectangular moment of inertia in in.‘ 
at point considered 

d = diameter in in. of shaft at point 
considered 


Differential equation for deflection is 


d*y M 


dz BI (1) 





A set of coordinate axes is chosen 
usually in such a way that M and I can 
be expressed as functions of one axis, 
most commonly the x axis. This choice 
can often be made in different ways, 


Section | Section | Section 
1 2 3 


Р=20 /5. 


M=600 


Fig. 1—Stepped-diameter shaft with load at 
method of choosing origin and coordinates to 
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M=400 





center and supported at ends showing 
define the elastic curve 









some of which lead to shorter work than 
others. Integrating Equation (1) gives 
the slope at any point. 


dy dy _ м _ 
d dz El — 


M, 
—-—jdz4c6 
(2) i 


and a second integration gives the cor- 
responding deflection 


[fa fe 


(ж )”+а++о 











@) 


Note the significance of the constants 
of integration. C, represents the slope 
of the elastic curve and C, the value of 
y at the beginning of any section. À 
section here is defined as being a part 
of the shaft between any two critical 
points such as those at the neck, load or 
bearing. To obtain a solution Equations 
(2) and (3) are applied successively to 
each section, starting at any point as 
origin, and working toward the ends. 
This method is fundamental but re- 
quires some skill. 


Exampte A, To find the deflections of 
the shaft shown in Fig. 1, the coordi- 
nates x and y are chosen as indicated. 
Then, at any point x the bending mo- 


ment in lb.in. 
P l 
М=——(———: 
2 ( 2 ) (4) 


from Equations (2) and (3) 
Ды , 
dz^ п (3 z) +a 6) 


Р 1 23 
U^ YEN (i*- 4 pone. 


The moments of inertia for shaft sec 
tions (1), (2), and (3) are respectively 


І, = 0.0491 X 1* — 0.0491 in.' 
І, = 0.0491 Х 0.75* = 0.0155 іп. 
Із = 0.0491 х 0.5* = 0.00307 іп.* 


then taking E as 3 X 10 for steel 


ЕІ, = 1.47 Х 10 
El, = 4.65 X 10° 
EI; = 9.21 X 104 
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For Section (1) where shaft dia. is 1 in. 


From Equation (5) 


dy 6007 — 52° 
0+" 10х10 t (т 





Since shaft dimensions and loading 
are symmetrical about the y axis, dy/dx 
= 0 when x = 0, so that C, = 0 


From Equation (6) 


300 2? — 1.67 2° 
n=-—Taxie Т? (8) 


Also y, — 0 when x — 0, so that С, 
= 0 

Equations (7) and (8) give slope 
and deflection for any point between 
x — 0 and x — 20 in. At A where x = 
20 in. 


dy _ 600 X 20 — 5 X 20° 


سے 


= 0.00680 





т 1.47 X 10° (9) 
300 X 20* — 1.67 x 20 | 


For Section (2) where shaft dia. is 
34 in. 


The same procedure is repeated but 
new values for C, and C, are found. 
Thus, when x — 20 in., y — 0.0726 in. 
and from Equations (5) and (6), 


600 X 20 — 5+ 207 
4-000 — 1X1. ^ 


= — 0.0147 (11) 
С, = 0.0726 + 0.0147 X 20— 


300 х 202 — 1.67 х 20? = 0.137 
4.65 X 105 o" f (12) 


Applying Equations (5) and (6) for 





Fig. 2—Right-hand half of stepped-diameter shaft shown in Fig. 1 to illustrate method 
of computing average bending moments in the three sections 
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x = 20 in. to 40 in. At B where x = 
40 in. 


dy 600X40—5xX 40 
dz — 4.65 X 105 





0.0147 = 0.0197 (13) 


300 X 40? — 167 X 40° _ 
4.65 X 10° 


0.0147 X 40 + 0.137 = 0.352 in. (14) 

For Section (3) where shaft dia. is 
lo in. 

The work is again repeated, thus 

when x — 40 in., y — 0.352 in. and the 


dy _ 
slope 2 = 0.0197 





then from Equations (5) and (6) 


Cı am 0.0197 = 


600 X 40 — 5 X 40? , 
9.21 х 10 „тп (15) 


С = 0.352 + 0.154 X 40 — 


300 X40? —1.67 х 40 —2.47 in 
9.21 X 10! А ° 


Аї С мһеге х = 60 їп. 


dy _ G00X60-5X60 4 

T = iar —0.154=0.0414 зм 
_ 300 х 602 —– 1.67 Х60 _ 

и" 921 X 10 


0.154 X 60 + 2.47 = 1.03 in. (18) 


The deflections D from a center line 
through the bearings C', C, then are 


at O, D — 1.03 in. 
at A, D = 1.03 — 0.0726 = 0.96 in. 
at B, D = 1.03 — 0.32 = 0.68 in. 


PROCEDURE 2 


Alternate Process for Differential 
Equation Method 


The steps as described in Procedure 
1 can be carried out easier by a slightly 
different procedure, particularly for 
multiple loads and overhanging ends. 
Let M; and M, be the bending mo- 
ments at the beginning and end of any 
section n, and x, and x, the correspond- 
ing values of x, then the slope and de- 
flection at the end of the section con- 
sidered are given by 


dy ы М, +M: Z9 — 11 + 
dz 2 E In 


Cita 1) (19) 
and iit 


"m 2Mi + М, (xe dum ту)? 


€i (4-0 (15 — 2) + Сб» („-1) (20) 


The work is started by assuming some 
point along the shaft as horizontal 
where С.з = 0, Ciao = 0 and work- 
ing toward the ends. The distance x in 
either direction from 0 may be taken as 
positive. 








EXAMPLE: For shaft shown in Fig. 1. 


For Section (1), where dia. is 1 in., 
х. = O in. and x, = 20 in. 


Equations (19) and (2) give 
dy _ { 600+ 400 20 — 0 
dz 2 1.47 X 10 
= (0.00680 = С, 
„ _ (1200 + 400 (20 — 0)? 
T 6 1.47 X10 
= 0.0726 in. = C2 


For Section (2) where the dia. is 34 in. 
x, = 20 in. and x, = 40 in. 


dy _{ 400+ 200 40 — 20 + 
dz 2 4.65 X 10 


0.00680 = 0.0197 = С, 


 (( s00--200 (4) — 20] | 
y= 6 4.65 + 10° 


0.0068 X (40 — 20) + 0.0726 
= 0.352 in. = С, 


For Section (3), where the dia. is V5 in., 
x, — 40 in. and х, = 60 in. 


dy | ( 2004-0 60 — 40 
dz 2 9.21 Х 10 


+ 0.0197 = 0.0414 = С, 


_ / 40+0 (60 — 40)? 
- 6 9.12 X 10 


+ 0.0197 X (60—40) + 0.352= 1.03 in. 
Deflections at intermediate points are 
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Table I—Calculations and Results by Morley’s Method 


BS" ABA Bay 





1 

” (12) = AA 
Point, | = (lla) + (115) 
Fig. 3 | 





Que. OUO "ht 





given in the same way; it is merely 
necessary to sub-divide the shaft length 
to match. Actual deflections D are then 
found as in the previous procedure. 


PROCEDURE 3 


Finite Difference or Step by Step 
Method 


This method is useful where the in- 
tegrations necessary in Procedure 1 are 
inconvenient, where Procedure 2 can not 
be applied as for tapered sections, or 
where only approximate results are de- 
sired. The finite difference method is 


10 1b. 


2 -267,-400,-483,  -500 


В, = /3.33 1. 
В, = 7.96 lb. 






























































(15а) = 2. ЛА, |015) = 5. ЛА, | (16) = 2. AZ — 
= (Па) Х (14a) | = (110) X (14b)| = (15a) + (156) AFT 
0 —35,600 — 35,600 — 35,600 

— 6,150 — 10,600 — 16,150 — 52,300 
— 13,200 —15, 700 — 28,900 — 81,200 
— 12,500 —16,600 — 29,100 —110,300 
— 20,800 —16;800 — 31,600 — 147,900 
— 30,200 —35, 800 — 56,000 — 203,900 
— 27,700 —22,200 — 49,900 — 253,800 
—121 ,000 — 89,000 —210,000 —463,800 
nis — 94,500 0 — 94,500 — 558,300 


based on the formulas 


Ay). M. 
(52) - El, + Cı (a (21) 


Ay 
Yn = (22) (А 2) + Сб, („_,) (22) 


ExAMPLE: For the shaft shown in Figs. 
l and 2 the average bending moments 
in the three sections are 

M; = 10 X 50 = 500 lb.in. 

M: = 10 X 30 = 300 Ib.in. 

M; = 10 X 10 = 100 lb.in. 


/O Ib. 10 1b. 


-367, -300,-233, -/67, 


Re =0 К, =/6.67 Ib. 
Rc=245 Вә = 0.57 Ib. 





Fig. 3—Sketch of shaft with loads and bearings showing method of lettering loads, bear- 
ings and changes of diameter for tabulation used in Morley's method 
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the constants C, and C, are both taken 
as zero at x = 0. 


For Section 1 


Ay _ М, ш 
(41) - E (za — ту) + Cro 


— пиа 
= IA X 108 


= 0.00680 


pa (4) (22—21) + Cr 
1 
= 0.00680 X (20 — 0) +0=0.136 in. 


For Section 2 


Ay Е М» 
(44) - ЕТ, (x2 tie + Си 


_ 30% 
= 4.65 X 10° 


0.0197 
у» = 0.0197 X (40 — 20). + 0.136 = 0.530 in. 








X (20-0) +0 








X (40 — 20) 4-0.00680 


For Section 3 


А М 
(= )- TEE (2 — 2)3 + Cr 


100 
niis. - 01 
931 x 19: X (60 — 40) 4- 0.0197 


= 0.0414 
з =0.0414 X (60 — 40); + 0.530 = 1.35 in. 


For accuracy, a greater number of 
steps should be used. Deflections at in 
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termediate points are found by inter- 
polation or by selecting the lengths of 
sections to coincide. Multiple loads are 
handled in the same way. For unsym- 
metrical shaft or loading, place the 
origin 0 at any convenient point and 
work toward each end. Overhanging 
loads introduce no new problems. Many 
other approximate processes are pos- 
sible. 
PROCEDURE 4 


Morley’s Method 


This method employs a tabular in- 
tegration which does not require the 
thought processes of higher mathemat- 
ics, but does require care and accuracy 
in the numerical work. The procedure 
is essentially the same for 2 or 3 bear- 
ings with any number of loads in any 
location, any number of shaft diameters 
or one diameter only, with or without 
overhanging loads. Shaft weights and 
other distributed loads are omitted in 
all the examples. In simple cases, Pro- 
cedures 1 and 2 are easier to apply. 


Symbols and Procedure 


I—Draw sketch of shaft with loads and 
bearings as shown in Fig. 3. Letter 
each load, bearing, shaft neck and all 
intermediate points at which calculated 
values are desired. Write in loads and 
shaft dimensions. It helps to avoid 
errors if a shear diagram is drawn; 
this need not be to scale. 

II—Make table similar to Table I with 
column headings respectively as follows. 
Use sufficient significant figures, though 
the slide rule is permissible in many 
cases. 


(1) Lettered points as shown 
(2) Length increments Az in in. 


r 
(3) Distance from left т = EZ, A in in. 
(4) Sign and location of each load W, in. 


lb. 
(5) Moment of each load about left end 
z W, — Col. (3) X Col. (4) Ib.in. 
(6) Shear in section at left of letter in 
Col. 1 (see Fig. 4) in Ib. 


Positive Bending 


Fig. 4—Diagrammatic sketch to illustrate positive and negative 


ar and positive and negative bending in a simply supported 
t 
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Negative Bending 





Table II—Slopes and Deflections at Critical Points 


dy 


Point | & 


С | Assume = 0 Assume = 0 
F | 0.00635 0.0650 

E 0.0153 0.174 

р | 002215 0.365 

А | 0.0515 1.201 


(7) Bending moment increments 


AM = Col. (2) X Col. (6) in Ib. in. 


r 
(8a) Bending moments М = Z,^M = 
summation of values in Col. 7 
(see Fig. 4) in Ib. in. 
(8b) = diameter at left of letter in 
ol. 1 


Г. d, a 
T al d, — diameter of sec- 
tion AB, 
d — diameter of any other section 


(10a) M; (+) = Col. (8a) X Col. (9), 


4 


M; = bending moment at left 
end of section considered = M at 
preceding letter. 


(100) M; (2) = Col. (8a) X Col. (9), 


M: = bending moment at right 
end of section considered = M 
at same letter 


(11a) Col. (10a) X 22 denoted by ДА}, 
in lb. in. 


(11b) Col. (10b) X e denoted by AAs, 


in Ib. in. 

(12) Col. (11a) + Col. (11b), denoted by 
AA, in Ib. in. 

(13) Summation of values from Col. 12 = 


т 
Z,AA, in lb. in. 

(14a) Distancez, — z 4- 1/3 X Az, Fig. 5, 

in in. 

(14b) Distancez; — z -- 2/3 X Az, Fig. 5, 

1n 1n. 

In Fig. 5, S represents any letter in Col. 1 
and z is the value from Col. 3 at the previous 
letter; Az is the distance between. 

(15a) Col. (11a) X Col. (14a), denoted by 

ziX AA, in Ib. in. 





(15b) Col. (115) X Col. (145), denoted by 
TX АА», in Ib. in. 
(16) Col. (15a) + Col. (15b), denoted by 
rXAA, in lb. in. 
(17) Summations from Col. 16 — 


r 
ZorX'AA, in Ib. in. 


| = distance between outer bearings, outer 
loads or outer load and outer bearing, 
whichever is the greater, in in. 

Deflection at any letter, at distance x from 
left 


J“ “BT, GE (9х4 
24+ 0а] ехал) 
о 0 0 | 


1 [ Bottom line 
= <2 of Col. 17 — 
үлү 
Bottom line + Col. 13 A 
of Col. 13 at x 
( Col. 17 )! 
atz (23) 


y — deflection from center line through 
bearings, when no loads overhang; 
otherwise, it is as shown in Fig. 6, 
the deflection from a reference line 
through the beginning and end 
bearing or load points of the shaft. 





ExAMPLE: For a more elaborate illus- 
tration, take Fig. 3 with two bearings, 
A and B. Find reactions and bending 
moments. Using a 10-in. slide rule and 
taking origin at G, the results by Pro- 
cedure 2 are indicated in Table Il. A 





Fig. 5—Scheme for dividing a shaft section between critical 
planes for calculating by Morley’s method the conditions exist- 
ing at intermediate points 
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A 
' 
/ 


Reference /ine- 


10 -0” 
Cenfer line of bearings 


n 





Fig. 6—Deflections with respect to the center line of bearings for stepped-diameter 


shafts with overhanging end loads 


letter is placed at each change in diame- 
ter, each load and each bearing. If 
values are wanted at some intermediate 
point, a letter is placed there also. 


Deflection from center line through 
bearings 


1.201 + 1.086 


= 1.14 in. 


De = 
Deflections are given in Fig. 6 for other 
points. 

By Morley’s process the work is as 
indicated in Table I. Cols. 4 and 5 are 
omitted from this table. The other col- 
umns are not renumbered. Point C is 
added because for a condition which 
will later be introduced a third bearing 
is to be placed there. 

Bearing reactions, R, = 13.33 1b., R: 
= 16.67 lb. 

By Equation (23), deflection at any 
letter, as G 


Әс = ус = ——X 


| 558.306 
4 60 EX + 9,293 — в] + 


oam = 1.18 in. 


REACTION OF THIRD BEARING AND 
DEFLECTIONS 


When a third bearing is present, as 
at C, a load Rc is assumed at that point, 
with all other loads removed. Reac- 
tions, R, = 0.25 R, and R, = 0.75 Re, 
are next obtained, and the work indi- 
cated in Table I is repeated. This gives 
for the deflection at C caused by “load” 
Rc alone. 


edic Rc 
De = ye = 931 x 19 Х 


{æ [= 4- 346.2 — i51 | + 7,501 } 


_ 0.409 
. 921 





Кс = 0.0445 Кс 


The reaction Re is taken as the load 
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at C which gives a deflection at C equal 
to that caused by the other loads with 
two bearings, thus 


Dc = 0.0445 Rc = 0.955 in. 
from which Rc = 21.5 1b. and 


a 30 — " 
R; = 13.33 —21.5 X 120 ^ 7.96 1b 


R, = 16.67 — 21.5 X 1 = 0.57 Ib. 


12 
The values given in Table III are for 
shaft deflections with 2 and 3 bearings. 


WHEN LOADING AND SHAFT ÅRE UN- 
SYMMETRICAL 


All procedures apply without change. 
With Procedures 1, 2 and 3 it is merely 
necessary to assume the slope of the 
elastic curve at some point 0, Fig. 6, 
as horizontal and then to work toward 
both ends in the regular way. 


WHEN OVERHANGING END LOADS ARE 
PRESENT 


All procedures given apply without 
change. The work is carried beyond 
the confines of the bearings as shown 
by the dotted lines in Fig. 6. With Pro- 
cedure 4 the first entry in Table I is 
again the first section from the left end. 
Distance / is taken as the length over all 
sections, including overhang. Equation 
(23) gives the deflections y from a line 
of reference. The values of y for the 
two outer loads—or an outer load— 
and a bearing point (if one end only 


overhangs) will be zero; this reference 
line passes through these two points, 
The actual deflections D with respect to 
a center line through the bearings ire 
then found as indicated in Fig. 6. The 
effect of the third bearing is calculated 
as outlined in connection with Table III, 
in precisely the same way. 


DISTRIBUTED LOADS AND TAPERED 
SHAFTS 


When the necessary integrations in 
Procedure I are feasible, theoretically 
exact solutions may be developed for 
distributed loads, tapered shafts, or 
combinations. For the purposes of this 
article it is sufficient to replace the dis- 
tributed loads by an appropriate num- 
ber of equivalent concentrated loads, 
and each smoothly tapered part by sey- 
eral stepped parts; then proceed in the 
regular manner. 


Loans IN DIFFERENT PLANES 


When these planes lie at right angles 
to the center line through the bearings, 
it is the more convenient to resolve each 
load into its horizontal and vertical 
components. The deflections are then 
computed separately for the horizontal 
and vertical planes, when the actual de. 
flection at any point x, and its direction 
are given by 


Demag Det DE 


Oz = tan~! = 

This article gives a group of methods 
for calculating deflections when two or 
three rigid bearings are present. These 
are arranged to give the results with 
the least possible effort. Procedure 2 
will be best for most purposes. Pro- 
cedure 1 requires skill and care to avoid 
complication. Procedure 3 is most suit- 
able for quick approximate work. Pro- 
cedure 4 is versatile, but requires care 
and considerable accuracy in com- 
putation. 


Table III—Deflections With 2 and 3 Bearings 


: Caused by 
Point Loads Alone 


0.816 
1.02 


1.12 


DLN Ara "чуу 


oc © m 
- p 
© 
л 


Caused by 21.5 Ib. 
at C Alone 


Caused by Loads 
with 3 Bearings 
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HYDRAULIC SYSTEMS 


Design and Maintenance 


YDRAULIC SYSTEM cleanli- 

ness cannot be over-empha- 

sized. A large proportion of 
hydraulic system troubles are traceable 
to maintenance failure in this respect. 
Consideration of the design, assembly, 
and shop maintenance of hydraulic sys- 
tems is based on the necessity for oil 
cleanliness in obtaining satisfactory 
operation. Dirt may consist of foreign 
particles remaining after fabrication or 
repairs, or contained in the atmosphere 
and oil, or may be the result of oil 
deterioration because of excess heat, 
presence of air, or both. 

In the following specifications, cov- 
ering features in the design of hy- 
draulic systems, the precautions to be 
observed are largely out of considera- 
tion for the possibility of oil con 
tamination. 


Oil Reservoirs 


Capacity. Selecting a reservoir of suf- 
ficient capacity is essentially a problem 
of obtaining the required differential 
plus a reasonable amount for reserve. 
Additional capacity is advantageous 
for natural radiation, to avoid emulsion, 
and for better settling of foreign matter. 


BarrLiNG. It is preferable to place a 
solid baffle plate between the suction 
and all discharge lines. This plate 
should extend above the highest oil 
level to hold the foam back. The open- 
ing for oil passage should be far enough 
from the bottom to make a settling 
chamber. 


BREATHER. Specify a completely en- 
closed reservoir equipped with a 
breather so designed that chips, water, 
or other foreign material cannot get 
into the oil. 


Suction Line Fitter. When advisable 
to use a filter on the suction line specify 
adequate capacity and accessibility for 
cleaning. Periodic cleaning is necessary 
to prevent restriction of intake flow and 
resultant gasification of oil and noisy 
pump operation. 

Some authorities advise against suc- 
tion filters and favor use of an auxiliary 
filter unit handling only a portion of 
the oil independent of the main sys- 
tem. Renewable elements add to their 
convenience. Such elements ordinarily 
should be replaced after the first two 
weeks of operation and every three 
months thereafter. 
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Piping Connections. Specify location 
below oil level. This avoids emulsifica- 
tion which is especially important on 
large high-speed presses where a large 
volume of oil is being returned to the 
reservoir and large press rams are 
being raised at high speed. Place pip- 
ing connections on the end of the reser- 
voir opposite the pump suction so as 
not to interfere with the suction of a 
solid column of oil. Vent lines, scaveng- 
ing lines and some drain connections, 


AUXILIARY SCAVENGER Unit. When an 
auxiliary scavenger pump ‘and drain 
sump are used, the reservoir intake 
connection should be above the high oil 
level when excessive air is present. 

Scavenger units are employed on 
some hydraulic systems to lift oil from 
an auxiliary drain sump to the main 
reservoir. Since the volume of the 
scavenger pump is always greater than 
the amount of oil in the auxiliary sump, 
a large quantity of emulsified oil is 


of course, are above oil level. always delivered to the reservoir. 


Specifications for Assembling Piping 





(1) Specify low carbon, cold drawn, seamless steel tubing with 1,200 deg. F. 
anneal for the most durable, leakproof, and trouble-free service. The anneal 
facilitates bending. If tubing is not to be bent, warehouse stock is suitable. 


(2) Wrought iron pipe may be used if care is exercised in its selection. It must be 
free from seams, internal welds, zinc lining since serious damage to equipment has 
often resulted from loosened particles of scale or flakes of zinc. 


(3) Specify sharp dies capable of making clean threads. 


(4) Specify removal of all sharp edges or loose particles of metal after pipe 
threads are cut to prevent their getting into the line. 


(5) Specify tight and leakproof screw joints without the use of any compound 
other than oil. 


BRAZED JOINTS 


(6) For leak-proof connections specify an arrangement of piping into sections 
of such length that they may be removed from the machine for brazing the 
threads at the fitting joints. Piping can then be positioned by the brazing oper- 
ator to produce a natural flow of brazing metal. 


(7) Specify brazing of screw joints between tubing and fittings after assembly. 
(8) For brazing, Oil Gear recommends Oxweld rod No. 25M or equivalent. 


(9) Specify precautions in brazing to avoid overheating or unequal expansion 
of metal. It has been demonstrated conclusively that improper brazing will crack 
the tubing at the root of the thread. 

The flame should be directed against the fitting rather than against the wall of 
the tubing and heat should be applied slowly and evenly up to the point at which 
the rod will flow and alloy properly. Sufficient material to completely fill all exposed 
threads and produce a smooth fillet in the joint is used so that stress concentrations 
will be eliminated. 

(10) On screwed joints that will not be brazed, a good way to assure perfect joints 
is to tin the pipe threads, then coat with clear lacquer. Never use shellac. 


(11) Specify thorough wiping inside piping before final assembly to remove all dirt. 
(12) Specify relief of all strain in fitting pipes and fittings into position. 
FLARED JOINTS 

(13) Specify a tubing which is dead soft and free of drawing marks. 

(14) Specify straight, square and smooth cut tube ends for flaring. 


(15) Specify a flaring tool approved by the fitting manufacturer and make the 
flare long enough for a good seal between fitting and nut. Overworking the flare 
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end, however, must be avoided since it has a tendency to harden the metal and make 
it subject to cracking in service. 


(16) Forged steel fittings and nuts must be used with flared steel tubing. One type 
of fitting requires no flaring. 

(17) In places where flanges are packed with copper gaskets, specify an anneal 
for the gaskets before reassembling after the connection has been broken. 

(18) When welding fittings are used, specify removal of all scale formed in the 
tubing. 


COPPER TUBING 

Copper tubing is satisfactory in many applications for pressures up to 1,000 lb. 
per sq.in. when vibration is not excessive and it does not have to withstand hydraulic 
shocks. Destructive shock may be caused by rapid change of flow of oil or sudden 
relief of pressure. Vibration of a copper tube line will result in hardening and 
breakage. 


(19) Specify dead soft tubing only. 

(20) When extruded fittings are used, specify annealing before assembly. 

(21) Starting the thread straight in making connections during assembly is impor- 
tant because damaged threads mean loose joints and loss of power. 


(22) Specify a bending die that will not collapse the tube. Filling the tube with 
sand or low melting alloy is a simple way of bending tubing without collapsing the 
walls if no other tools are available. 


(23) Avoid extremely sharp bends. 


(24) Specify tubing supports wherever necessary to prevent vibration. Specify 
relief of strains after coupling tubing. 

Inside cleanliness is as important as with steel tubing and thorough cleaning 
should precede installation. Similarly, flared ends should be prepared by filing 
smooth after cutting and the proper tool used to give a good seat. 

(25) Specify brass fittings for flared copper tubing. To prevent fitting wall from 
distorting and causing annoying leaks, the tubing nut should be inserted before 
tightening the fitting in place. 


STANDARD WELDED PIPE 


(26) If standard welded pipe is used, specify pickling to remove all inside scale 
followed by thorough washing to remove the acid. 


(27) Design piping sections suitable for brazing the threads at the fitting joint. 


GENERAL RULES 
(28) Turn pump shafts by hand when first starting pump after installation or 
when idle for a long period to be sure that working parts are free, 


(29) Turn motor control off and on several times before allowing pump to reach 
full speed to make sure lubricating oil has reached closely fitted parts. 


(30) Specify air breather vents or cleaners on reservoirs when large volume dif- 
ferentials are used or when air in the shop contains foreign particles that are 
detrimental in the fluid power system. If necessary, specify extension of breather 
connection to another department or outside the plant. 


(31) Eliminate air traps when designing piping. Provide automatic air drain 
valves or petcocks for freeing air if necessary. 


(32) Specify a minimum of sharp bends and the shortest possible length of piping 
in order to obtain highest possible efficiency of the system. 


ы 


Hints On Oil and Cooling 


Use oil of the right viscosity. Faulty 
lubrication caused by thin oil will be 


tem is indicated by noisy operation and 

lack of positiveness in the drive due 

to the presence of air or gassified oil. 
Excessive oil temperature is harmful 


indicated by inability to develop and to lubrication and must be prevented 
hold the desired pressure, overheating especially when between bronze and 
of the pump, or reduction in power out- steel, by providing for cooling the oil 
put. Too heavy oil causes sluggish ac- after it has passed through the pump 
tion. Lack of sufficient oil in the sys- and motor. Recommended practice is 
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to regulate the cooling system so as to 
reduce the oil temperature to 130 ес. Е. 

Some systems develop less heat than 
others. The volumetric type of purap 
frequently has the advantage in this 
regard. Obviously minimum heat gen- 
eration within the system is advanta- 
geous in that more constant viscosity of 
the oil will be maintained with more 
positive assurance of effective lubrica- 
tion. Reduction in heat developed also 
precludes abnormal vaporization in cer- 
tain types of oil and reduces carbon 
formation. 

Various cooling methods have been 
tried. The use of cooling coils was 
found to be inefficient, however, and 
other methods predominate. Several 
commercial coolers are available for 
this job. As a rule, these coolers are 
mounted on the outside of the hydraulic 
unit or oil reservoir and the discharge 
from the supercharging pump is sent 
through the cooler. Usually the dis- 
charge oil from the cooler is directed 
to the end of the reservoir that is 
farthest away from the pump suction 
tubes. 

Ordinarily, a solenoid-operated water 
shut-off valve is recommended for the 
inlet line. The solenoid, being wired to 
the driving motor, turns the cooler on 
and off with the motor. A throttle valve 
to regulate the volume of water is rec- 
ommended in the outlet line and should 
be installed in the highest water con- 
nection to reduce air pocketing. Throt- 
tling the outlet compresses the remain- 
ing air and forces it into solution with 
the water, thus insuring a filled water 
chamber. 

The oil circuit should include a relief 
valve to protect the pump if the cooler 
becomes clogged. A T-connection should 
be provided in the oil inlet line for 
checking peak or shock pressures. An 
emergency shut-off valve should be used 
also in the water line to the cooler. 

One method of cooling provides for 
oil-piping surrounded by cooling fins at 
the outboard end of the electric motor. 
A fan attached to the rotor adjacent to 
these coils passes a current of air over 
the cọoling element. 

Of the detrimental results which may 
accrue from pumping hot oil, reduction 
in viscosity, or body of the oil, is most 
important. Along with this reduction 
in viscosity, the pressure resisting abil- 
ity of the oil film will be decreased. 
Considering that at certain stages of the 
stroke of any such pump there will be 
severe thrust pressures developed, it is 
evident that an overheated oil film may 
become so weakened as to be incapable 
of actually preventing metal-to-metal 
contact. Where this occurs between 
bronze and steel, the latter may develop 
a wiping effect, the bronze being vir- 
tually melted or burned onto the oppos- 
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ing steel surface. This will necessitate 
expensive overhaul and new parts. 

In connection with oil cooling, care- 
ful consideration must be given to the 
arrangement and tightness of the water 
cooling system, due to the detrimental 
effect which water leakage may have on 
lubrication. This is one of the chief 
reasons for recommending high grade 
oils. Presence of any appreciable 
amount of water may lead to formation 
of emulsions with certain types of oil. 
In a closed system, such as an hydraulic 
power transmission system, where there 
is normally but little opportunity for 
the oil to rest and separate itself from 
water emulsions, oxidation may develop 
with subsequent sludge formation. All 
this will be aggravated under the 
higher temperatures. 

Sludge tends to accumulate in clear- 
ance spaces, ports or other small aper- 
tures in the pump, to interfere with free 
flow and leakage of the oil past those 
parts which require a lubricating film. 
Sludge accumulations in some oils may 
also be conducive to acidity, which may 
lead to corrosion of ball or roller bear- 
ing elements and other. polished parts. 


Air Entrainment 


Hydraulic power transmission sys- 
tems function best when they are en- 
tirely filled with oil and are as free as 
possible from air. This excludes the 
reservoir, of course. For this reason, fill- 
ing of the system requires considerable 
care. Air usually gains entry while fill- 
ing the transmission with oil, unless 
there may be leakage at some high 
point in the system, or between the tank 
and pump. Normally, however, any 
aperture capable of leaking air will also 
allow oil to pass out, especially when 
the pump is operating at full stroke. 
Entry of air may also be caused by 
leaky joints, restriction of the pump 
intake, which may be caused by sludge 
accumulations, or location of this inlet 
above the surface of the oil in the tank. 
The latter may frequently occur if the 
oil is being rapidly circulated through 
the system. 

Entry of air at the time of filling can 
be materially reduced by adding make- 
up-oil very slowly and where practic- 
able straining through several thick- 
nesses of cheese-cloth. After filling with 
oil, if the pump is run for a certain 
length of time, any entrained air will 
gradually work its way out of the oil in 
circulation and into the base of the 
pump housing, from whence it will rise 
to the expansion tank after the pump is 
shut down. Removal of such air can also 
be accelerated by locating a baffle plate 
in the oil tank, This will develop a cer- 
tain amount of surging and facilitate 
tise of air bubbles. Lighter oils can be 
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more easily freed from air than heavier 
oils. It is important to bear this in mind 
when first running the pump after fill- 
ing the oil, the time of running being 
gauged according to the viscosity of the 
oil. Normally this must be determined 
by experience. 

The expansion tank also serves as a 
reservoir to insure that there is sufficient 
oil in the system and serves in deter- 
mining when to refill. 

Considerable care must also be ob- 
served to prevent entry of abrasive for- 


eign matter at the time of filling the 
transmission since contact surfaces in 
both pump and fluid motors are ma- 
chined to high accuracy. Presence of 
abrasives in the oil supply, or acids 
which may have been used in pickling 
of piping or connections, may be re- 
sponsible for scoring or pitting of the 
pressure surfaces, or may ruin ball or 
roller bearings. 


Hydraulic Hints for Shop 


(1) Oil reservoir should be kept 
closed to all chips and foreign matter. 


(2) Strainers should be used when 
filling reservoirs and should be cleaned 
regularly. 

(3) In changing oil, flush or wash 
out pumps or system only with good 
clean oil. Don’t use kerosene, gasoline, 
or similar solvents. 


(4) Clean oil filter periodically. 


(5) Drain oil frequently if machine 
is in constant use to check oil cleanli- 
ness. If automatically filtered and 







tested periodically, oil may be used for 
several years. Some units require com- 
plete drain and refill every three 
months, or oftener. 

(6) Use only oils recommended by 
the manufacturer. Life of unsuitable 
oils is short, the cost of reclaiming or 
recharging is higher than necessary, 
and maintenance may be excessive. 

(7) Keep oil at the level ‘indicated or 
called for in instructions. 

(8) Don’t use dirty containers to con- 
vey oil from the barrel or source of 
supply to the fluid power reservoir. 

(9) Be sure to keep cutting lubri- 
cants out of the fluid power system 
and away from the fluid power pump 
reservoir. 

(10) When repairing hydraulic sys- 
tem and pumps handle them carefully 
to prevent damage to parts that are 
made with high accuracy. 

(11) Foam on the tank or jerky 


feeds indicate presence of air in the 


system. If oil is at level required by 
sight glass, and suction pipe is far 
enough below surface of oil, check the 
filter, all fittings and valves for possible 
leaks. 

(12) Where solenoid valves are used, 
inspect them for poor connections or 
badly fitted, loose or corroded contacts 
in the circuits as these tend to increase 
current flow, in turn, decreasing their 
effective pull. 

(13) Don’t draw packings up too 
tight as added friction destroys the 
efficiency and timing of the hydraulic 
system. 


Troubles Traceable to Oil 





MACHINE 


TROUBLE IN HYDRAULIC 
TROUBLE SYSTEM 


FAULT IN FLUID 
MEDIUM 





| VALVES & PISTONS SLOW 
Deposits and gumming hinder OXIDATION 


| free movement 


OIL SLUGGISH 


f Increased viscosity due 
EVAPORATION 


S 


Sluggish action in Fluidity has gradually decreased 


normal operation in service 


OIL SLUGGISH 


5 


Increased viscosity due 
OXIDATION 


Fluidity not adapted to service UNSUITABLE VISCOSITY 


Sluggish action in start- OIL SLUGGISH 


ing and in cold weather Congealing at low temperature HIGH POUR TEST 


FLUID ACTION VARIABLE 
Varying action from Fluidity varies widely with VARYING VISCOSITY 
hour to hour or day to changes in operating temperature 


day 


í VALVES SEAT POORLY 
| Accumulation of deposits pre- OXIDATION 


vents closing 


Imperfect, unreliable | VALVES & PISTONS WORN 
or irregular action in { Leakage causes loss of pressure LOW LUBRICATING VALUE 


normal operation 
| COMPRESSIBILITY 


| Foaming of oil carries air into 





action 


\ 


system and provides elastic HIGH SURFACE TENSION 
cushion which prevents positive 
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CHAIN TENSIONING DEVICES 


MAINTENANCE OF PROPER CHAIN TEN- 
SION is accomplished by two general 
methods: shaft center adjustment and 
adjustable idlers. In many instances 
the first is sufficient, particularly when 
shaft centers are close together or not 
too far from horizontal. Long centers, 
small sprockets, pulsating or shock 
loads, or reversing service often make 
the use of idlers necessary. Use of 
idlers is also advantageous in enabling 
wide variation in shaft center toler- 
ances and in increasing the arc of chain 
wrap. 


Types or Tensioninc Devices. Idler 
sprockets or rollers; shoes. Rollers are 
used when wear is not appreciably in- 
creased on roller chain or when applied 
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to the back of chains having teeth on 
one side. The same applies to shoes. 
Wear is minimized if they are cast iron 
or are faced with fibre. 


MOUNTING. A rigid mounting is rec- 
ommended by some chain manufac- 
turers but spring-held idlers are satis- 
factory in some applications. In auto- 
matic tensioners activated by springs 
the eccentric bushing gives a degree of 
rigidity beyond that of the spring alone 
or some kind of detent may be incor- 
porated in the device. 


Location. Proper location of an idler 
depends on the drive design. In gen- 
eral the slack side, where the greatest 
amount of slack accumulates, is recom- 


mended, with the idler bearing prefer- 
ably on the back of the chain, as close 
to the driving sprocket as may be feas- 
ible or near the smallest sprocket in 
the drive. 


LENGTH OF ADJUSTMENT. Sufficient to 
enable removal of two pitches. 


IDLER SPEED. Idler sprockets must not 
rotate at greater speeds than are allow. 
able for other sprockets. 


IDLER SPROCKET TEETH. At least 17 
teeth are preferred in idler sprockets 
for high-speed service. At least three 
should mesh with the chain. 


CHAIN REPLACEMENT. Should be when 
chain elongates 3 to 4 percent. 





FIG.7 





FIG.11 
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Center Adjustments and Idlers 





Aufomafic adjustment 
Eccentric sprockets 
4 e> | pitch 
Example - lin. pífch e=ğ or 8 in. 
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PIVOT BEARING DESIGN 


Friction Error and Bearing Pressure Considerations 


OVING ELEMENTS of indi- 

cating electrical instruments 

are generally supported on 
bearings consisting of cone-shaped piv- 
ots with rounded points which rest in 
V-shaped jewels having concave bot- 
toms. Experience has shown that this 
type of bearing maintains the moving 
element with a minimum of eccentricity 
with respect to the fixed element. This 
factor is of prime importance since any 
eccentricity that is variable will be re- 
flected in variations in the pointer deflec- 
tion for a given change in the meas- 
ured quantity. For certain applications 
special instruments may employ a 
cupped jewel or ring and end-stone 
jewels to advantage, but their use is 
limited. 

As an approach to the method of de- 
signing pivot bearings for indicating 
instruments, it will be helpful to start 
with the general case of an instrument 
having V-jewels and conically-shaped 
pivots on both ends of the shaft. This 
type can be used with its shaft in either 
the vertical or horizontal plane. 

For true indications it is evident that 
the deflecting torque of the instrument 
must either equal the restoring torque 
or differ from it by a constant value 
that can be taken into account in cali- 
brating the scale. In as much as fric- 
tion is a variable quantity, it is impos- 
sible to obtain a constant difference be- 
tween the torques, therefore, the maxi- 
mum bearing friction must be reduced 
to a relatively low value for satisfactory 
operation. 

Should it be possible to carry the 
weight of a moving vertical-shaft sys- 
tem on a theoretically sharp point, the 
friction radius would be zero and there 
would be no friction error. Low fric- 
tion, however, is not the only considera- 
tion in the determination of the dimen- 
sions of a bearing. Service conditions 
impose shocks and jars of such magni- 
tude on the pivot that greater mechan- 
ical strength is required to resist their 
effects than is required to support the 
weight of the element. Hence when 
designing the bearing two major re- 
quirements must be balanced against 
one another in selecting the proper pivot 
for a given instrument: (1) The pivot 
point must be sharp enough to limit 
the friction torque to a reasonable value. 
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(2) The pivot point must also be strong 
enough to stand up under service con- 
ditions. 

Recently experiments have been made 
by V. Stott to determine allowable bear- 
ing pressures for pivot bearings (See 
“An Investigation of Problems Relat- 
ing to the Use of Pivots and Jewels in 
Instruments and Meters” by V. Stott, 
National Physical Laboratory, Vol. 
XXIV, 1931). These experiments con- 
sisted of loading pivots up to a limit 
where permanent deformation occurred 
and then measuring the area of the 
flattened pivot point. From the data 
thus obtained Stott determined that for 
an included pivot angle greater than 
30 deg. the maximum allowable stress 
was a function of the pivot cone angle 
and that permanent deformation oc- 
curred plastically, and also that the 
allowable stress increased with an in- 
crease in the cone angle. 

The radius of the circular bearing 
area for a properly designed pivot and 
jewel of the type shown in Fig. 1, can 
be expressed in terms of 

W= weight, lb. 

R,— radius of pivot point, in. 

m — Poisson's ratio for pivot material 

m,— Poisson's ratio for jewel material 

E,— Young's modulus for jewel material 

E,— Young's modulus for pivot material 

R = radius of circular contact area of 
pivot and jewel, in. 

P = average bearing pressure, lb. per 
sq. in. 


_ ЗР, (/1—m? ,1-m 
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The average bearing pressure P is 
equal to the weight of the instrument 
moving system divided by the support- 
ing area or 


W 
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This equation was developed on the 
assumption that the contact area of the 
pivot and jewel is determined by the 
elastic constants of the material, aad 
that since the steel pivot is softer than 
the sapphire jewel ordinarily used, all 
the deformation takes place in the pivot. 
It was further assumed that the con- 
tact area is circular in shape and‘ that 
the pivot and jewel may be considered 
as equivalent to a sphere resting on a 


flat plate. It can be shown mathemat- 
ically that the difference in contact 
area between the sphere and plate and 
the pivot jewel is small and for the 
purpose of comparison and design can 
be neglected. 

The series of curves plotted in Fig, 2 
were calculated from Equation (2) to 
illustrate the variation of bearing pres. 
sure with the radius of the pivot point 
for different weights of moving systems 
carried as shown in Fig. 1. It is diffi 
cult to conceive that any material can 
withstand compressive stresses as high 
as those shown in Fig. 2. The condi- 
tion is not, however, simple compres- 
sion but a combination of tension and 
compression that results in a working 
stress well within the limits of the 
strength of the glass-hard high-carbon 
steel ordinarily used. 

Since the pivot of a vertical shaft 
like that shown in Fig. 1 is supported 
by an exceedingly small bearing area 
the unit pressures are unusually large, 
therefore, a relatively small shock to 
the instrument such as setting it down 
heavily on a table or otherwise mishan- 
dling it, may result in mushrooming 
the point. If the moving element has 
a solid shaft, a given shock will be more 
severe to the pivot than if the moving 
element includes a resilient coil to 
which the pivots are attached. 

An instrument will withstand a much 
greater shock if it is applied at right 
angles rather than parallel to the shaft 
because the weight is divided between 


W=Load on 
pivot point 

Rp" Radius on 
pivot point 

R = Radius of 


circular 
contact area 


of pivot and 
jewel 





Fig. 1—Typical design of pivot end and 
section through cupped jewel bearing 
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Fig. 2—Average bearing pressure over contact area of pivot 
point and jewel for various radii of pivot point 


the pivots, and the moving element, 
even if it is of the solid shaft construc- 
tion, has considerable flexibility. The 
condition is equivalent to a beam sup- 
ported at both ends with the load either 
distributed or concentrated at the 
middle. 

The friction effect of a mushroomed 
point resulting from a shock on a ver- 
tical pivot may be small if the instru- 
ment is used with the shaft vertical, 
but if the same instrument is used with 
the shaft horizontal, the effective fric- 
tion radius will be considerably in- 
creased. 

In the design of a bearing for a given 
application it is possible to calculate 
accurately the friction that will result 
from a pivot of particular dimensions. 
The pivot radius should be made as 
large as the friction will permit, which, 
as seen from Fig. 2, will give the maxi- 
mum mechanical strength. The jewel 


Г 
4 


will necessarily have a slightly larger 
cone angle and bottom radius than the 
pivot. The amount of eccentricity the 
particular application can stand will 
be the limiting factor in the amount of 
freedom that can be allowed between 
the pivot and jewel. Aside from the 
effect of eccentricity, the more general 
requirements for the jewel are that it 
have a good polish and that it be free 
from flaws. The dimensions of the 
jewel, as will be seen from the calcu- 
lation of horizontal shaft friction, have 
little effect upon the magnitude of the 
friction error, 

Considering an instrument to be used 
with the shaft in either the horizontal 
or vertical plane, it is important to in- 
vestigate the effect of the radius of the 
pivot point on the friction error for the 
two positions of the shaft. 

For a pivot properly designed so that 
the bearing pressure is not over 500 


Enlarged View 
of Section 
through C-C' 





Fig. 4—( A) Pivot shaft mounted in cupped jewel bearings. (B) When pivot turns there 
is an initial roll of the pivot in the bearing after which a sliding action takes place 
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Fig. 3—Variation of friction torque with pivot radius for a 
vertical shaft instrument 


tons per sq. in. the friction torque for 
the shaft in the vertical position may 
be written in terms of 

u = coefficient of sliding friction 

R= radius of circular contact area of 
pivot and jewel, in. 

T,— friction torque, gram mm. 
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Substituting the value of R from 
Equation (1) in Equation (3), the fric- 
tion torque 
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Curves of friction torque and of fric- 
tion error as a function of pivot radius 
are shown in Fig. 3. The curve of fric- 
tion torque was calculated from Equa- 
tion (4) for an instrument with the 
constants 





ЕВ аьаа 2.2 gram-mm. for 
90 deg. deflection 

Weight of moving element 2.7 grams 
Length of Pointer ...... 2.875 in. 
Coefficient of friction ....0.05 

It is interesting to compare the ef- 
fect of increasing the pivot radius with 
the resultant change in pivot friction 
and bearing pressure as shown by Fig. 
2. With few exceptions, friction repre- 
sents such a small percentage of the 
instrument driving torque that in de- 
signs where the vertical position of the 
shaft alone need be considered, a very 
sturdy pivot can be used without ex- 
ceeding the allowable friction error. 

Having considered the friction vari- 
ation with the radius of the pivot for 
the vertical position of the shaft, an 
analysis will be made to show how this 
error varies with the radius for the 
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shaft when in the horizontal position. 

The pivoted shaft shown in Fig. 4(A) 
is supported between two V-jewels. Fig. 
4(B) shows a cross-section through 
C-C’, the point of contact of the pivot 
and jewel. As energy is applied to the 
instrument the pivot because of fric- 
tion rolls on the jewel from the initial 
position B corresponding to the zero 
position of the pointer until position 
B' is reached, where the pivot begins to 
slide on the jewel and continues to do 
so as the pointer moves up the scale. 
If the power is removed after the pivot 
reaches point B’ the forces will be in 
equilibrium, and the pointer will indi- 
cate a zero position on the scale that 
is above the initial position. 


Sliding 
fric tion 


Friction Torque 


The curve in Fig. 5 illustrates the 
variation of friction torque between the 
rolling and sliding phases of the pivot 
on the jewel as the pointer moves up 
scale. The expression for ¢ the angle, 
in degrees, of roll of the pointer which 
is determined from the equilibrium con- 
dition may be written as an approxima- 
tion, in which it is assumed for simplic- 
ity that for small angles the cosine is 
approximately equal to 1 and the sine 
approximately equals the angle in radi- 
ans. When 

K,— spring force per radian 

u = coeficient of sliding friction 

. (5) 

If the power is removed from the in- 





Fig. 5—Curve showing variation of friction torque with angle of pointer deflection as 
the pointer moves up the scale when pivot shaft is horizontal 
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Fig. 6—Torque caused by sliding friction for a horizontal shaft instrument which has the 
same constants as those for the vertical shaft instrument plotted in Fig. 3. A comparison 





of the curves shows the difference in friction errors 
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strument at the point of equilibrium 
as expressed by Equation (5), the 
pointer will be off zero by the amount 
Lo, where L is the length of the pointer 
and $ is the angle the pointer is off 
zero. 

The effect of roll as seen from Fig. 5 
is to reduce the friction error up to the 
point where sliding begins. A larzer 
driving torque would have to be supplied 
before the pointer would move from zero 
if it were not for the rolling of the pivot 
on the jewel. As soon as the sliding 
begins, however, the friction error is 
increased and remains a constant value 
as the pointer moves up scale. 

For certain applications where a long 
pointer is used and small angular move. 
ments are involved, the effect of roll 
becomes important as it allows a small 
working range either side of the zero 
point that has relatively low friction. 
The error introduced by sliding may 
be expressed in percent of full scale 
torque by 

и Wr cos 0 X 100 
Е (6) 
in which 6 is the angle of pivot roll 
in the jewel before slipping takes place, 
and T is the instrument torque. 

However, as 0 is small cos 0 is approx- 
imately equal to 1. The derivation of 
Equation (6) comes from a considera- 
tion of Fig. 4(B). The frictional force 
of sliding is J^» cos 0 and r is the mo- 
ment arm. 

The torque caused by sliding friction 
for the instrument previously consid- 
ered for the vertical shaft when used 
with the shaft horizontal is shown in 
Fig. 6 as a function of the pivot radius. 
Comparing the magnitudes of the fric- 
tion errors resulting from the vertical 
and horizontal positions of the shaft for 
the same instrument, it is evident that 
when the shaft is in the horizontal posi- 
tion the friction errors are greater. Also 
one curve in Fig. 6 plotted from Equa- 
tion (5), shows the angle of roll as a 
function of pivot radius. 

As a summary of this analysis three 
conclusions can be drawn: 

(1) It is possible to predetermine 
the error caused by bearing friction for 
an instrument to be used with the shaft 
in either the vertical or the horizontal 
position, and from a consideration of 
the bearing pressures involved to pre- 
dict the relative amount of mechanical 
abuse the bearings will withstand. 

(2) The pivot friction error for a 
vertical shaft instrument is much less 
than for the same instrument when used 
with the shaft in the horizontal posi 
tion. 

(3) Pivot bearings should be de- 
signed for the particular application on 
the basis of using the largest bearing 
radius the friction error will permit. 


Percentage error = 
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POLYSTYRENE PROPERTIES 


Polystyrene materials are thermoplastic and, therefore, can be molded by either compression or injection 


processes. Compression molding, however, is recommended only for producing sample pieces from 


existing molds when available in order to make experimental studies before starting production. 


TYPICAL APPLICATIONS FOR POLYSTYRENE PLASTICS 


REFRIGERATOR PARTS exposed to food acids, cleansing agents, variations in humidity and low temperatures. 


such as freezing unit doors, drip traps and food containers. 


REFRIGERATOR PARTS used for decorative trim such as panels, knobs, dials and breaker strips. 


DECORATIVE PARTS of crystal-clear plastics which have depressed or recessed designs of reversed letters, 
numerals or patterns molded into the back surface, and the depressions filled with color. Contrast is 
obtained by painting the back surface with another color. 


INDIRECT LIGHTING of instruments and for edge lighting halo effects. 


COLORED LIGHT REFLECTORS, indicators, signs and ornamental jewelry where material having a high re- 


fractive index is required. 


Rapio and television coil forms, stand-off insulators, sockets, high frequency lead-ins and co-axial cable 


spacers. 


CLOSURES FOR CONTAINERS used to store or to hold during transportation mineral acids and alkaline 


solutions. 


INSTRUMENT HOUSINGS, speedometer and clock crystals. 


GENERAL CHARACTERISTICS—In com- 
pounding the polystyrene group of molding 
materials it is not necessary to include plasti- 
cizers to assist or to improve the capacity of 
the material to flow under the application of 
heat and pressure. Therefore, polystyrene 
parts do not undergo dimensional changes 
caused by plasticizers vaporizing after the 
part has been molded. Polystyrene parts 
after cooling undergo only slight dimensional 
changes as the part ages. 


Another advantage of the absence of plas- 
ticizers in polystyrene is that there are no 
vapors coming from the parts. In the case of 
materials made with plasticizers, the emanat- 
ing vapors may cause corrosion of or chemical 
reaction with parts with which the vapors 
come in contact. Another factor that promotes 
the dimensional stability of polystyrene parts 
is the low capacity of the material to absorb 
water. 


Other properties that distinguish polysty- 
rene molded parts are low specific gravity, 
transparency, high gloss finish, low power 
factor, high dielectric strength and insulating 
capacity, and resistance to alkalies and acids. 


(See the article, “Polystyrene Plastic,” P.E. 


August 1941, for additional data, including 
strength-temperature relationships.) 
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LIGHT TRANSMISSION AND APPEARANCE PROPERTIES 


In translucent and opaque colors polystyrene is only slightly affected by 
the action of light. Because of its high refractive index and ability to 
conduct light around bends, as well as to diffuse light at roughened edges, 
polystyrene is used for many instrument, sign and indicator parts. 

The availability of polystyrene in all colors and pastel shades makes it a 
desirable material for decorative parts and trim. This appearance value and 
the ability of the material not to become brittle or lose strength at tempera- 
tures as low as —30 deg. C. has led to its adoption for trim and interior 
parts of refrigerators. 


Table I—Physical and Electrical Properties of Polystyrene 
Plastics 


(Data furnished by the Bakelite Corporation) 





WEIGHT AND VOLUME FACTORS 


Weight of 1 c.c. of powder, grams. ..... ачса ES 2 Mons du oap M 
Specific gravity, molded.............. OTE TOPO SERS 1 
Weight of 1 c.c., molded, grams................... AS SI AS ШЕЕ 
Weight per cu. in., molded, grams... .. E AL ouod acri b л tn 
Specific volume, molded, си. їп. рег 1Ь.............. КОРУ Г 
Compression Injection 
PHYSICAL PROPERTIES, Molded Molded Molded 


Tensile strength—lb. per sq. in... .. 5,500-6,500 6,500-7,000 

5X 14X 1% in. specimen 
Modulus of elasticity—lb. per sq. in...... 0.4-0.6 X 10° 0.375-0.425 X 105 
Impact strength ft.lb.—energy to break.. 0.20-0.35 0.4-0.6 

5X 4x \ in. 

specimen with molded notch 


Impact strength ft.lb.—inch of notch.... 0.40-0.70 0.8-1.2 
Impact strength ft.lb.—in. sq....... ... 2.5-4 5.0-7.5 
Flexural strength—lb. per sq. in... . . 6,500-7,500 14, 000-19, 000 


Shrinkage—inch per inch......:...... 0.004—0.005 0.002—0.008 
(Continued on next page) 
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PHYSICAL PROPERTIES, Molded (Continued) 





Distortion under heat, none up to. ...... 77-80 deg. C. ; 
Water absorption (318 hr. 215 in. dia. disk) 0.05 percent by weight 
Index of refraction. .... сано 1.592-1.597 
Rockwell hardmess..................... M85-M92 : : 
Thermal coefficient of linear expansion... 65-75 х 10 * per deg. C. RESISTANCE TO ACIDS, ALKALIES, OILS 
HONO NE Lu заты очен PERIERE 0.32 gm. calories per deg. C. AND HYDROCARBONS 
Polystyrene plastic molded parts soften an4 
swell in acetone. They are soluble in coal tar 
ELECTRICAL PROPERTIES, Molded hydrocarbons such as benzol, xylol and toluo! ; 
Сеооа сои volts per mil. (step by step)... —— in chlorinated hydrocarbons such as carbon 
Arc resistance (proposed ASTM Method). 1111 120-140 tetrachloride and chloroethylene; in acetic 
esters of the lower aliphatic alcohols; in the 
pee mue = y^ em ire enne enn 2:2: hydrogenated naphthalenes, decalin and tetra. 
Power factor at 1,000,000 cycles... : 1 00002-3 lin; and in solvent naphtha. i | 
Power #асїог а% 10,000,000 сусїез............................ 0. 0002-0. 0003 Of all the materials in the organic plastics 
Power factor at 50,000,000 ойм. ........................... 0. 0002-0. 0003 group, polystyrene ranks first in non-absorp- 
Dielectric constant at 60 cycles 2 50-2 60 tion of water; based on 24-hour tests the 
Dielectric constant at 1,000 cycles. c, 2 50-2.60 water absorption is 0.00 to 0.03 percent. Poly. 
Dielectric constant at 1,000,000 cycles... AN 2.50-2.60 styrene is insoluble in petroleum hydrocar- 
ielectric constant at 10,000,000 cycles. . . . . Е . 2.50-2.6 bons, in the lower aliphatic alcohols such as 
Dielectric constant at 50,000,000 cycles. ....... vM M СУ 2.50-2.60 chanel and methanol, in glycol esters and 
Loss factor at 60 cydles. . .............. UU uS ob ea A 0. 0005-0. 0008 lactic acid esters. 
CEO SOO ИЛ КЫРЕ 0. 0005-0. 0008 
م ا ا‎ 0 rho orto са .. 0. 0005-0. 0008 
leur INN eh ET eee ere 0. 0005-0. 0008 
Lom E аб O O OD эрий. . . .......................... 0. 0005-0. 0008 





Table I[—Chemical Resistance Properties of Injection Molded Polystyrene 


(Data obtained from tests made by the Bakelite Corporation) 





EFFECT ON EFFECT ON 
CHEMICAL AGENT TIME SAMPLES CHEMICAL AGENT TIME SAMPLES 
Hydrochloric acid, conc...... 14mo. Few “stars” developed ى‎ Immediate attack 
Hydrofluoric acid, conc....... 1 mo. ‘‘Stars’’ developed Chlorine, gaseous, over 25% 
Nitric acid, come............. 3 wk. Turned yellow КИЛ лере кайрыды. эйс Immediate attack 
Nitric acid, conc............. 2 уг. Fell to pieces when Iodine tincture, alcohol 83%.. 33 mo. Slight pink discolora- 
handled tion 
Nitric acid 50%+ Diacetone alcohol........... ...... Immediate attack 
hydrofluoric acid 0.5%..... 25 days No attack АЛ. л» бен» эме ..... 10 mo. No attack 
Sulphuric acid, conc.......... 33 mo. Turned slightly yellow Mercuric chloride. ... . а 1 wk. No attack 
Sulphuric acid 10% + Methyl chloride............. 30 min. Completely dissolved 
sodium sulphate 20%...... 33 mo. No attack NM ooo c£ ex ER oh oes 2 wk. No attack 
Acetic acid, 5%............. 27 mo. No attack Phenol 5% + sodium phenate 
Acetic acid, glacial.......... 14 mo. Crazed о н ъа 28 mo. No attack 
Formic acid, 90%. .......... 15 mo. No attack КЫ онн о элаз Immediate attack 
Tannic acid, 175, at 170 deg. F. 3 wk. Dark stain developed Selenium monochloride....... ...... Immediate attack 
Alcohol, benzol denatured.... 24 hr.  Softened and dissolved Sulphonated alcohol. . . . . ... 6 mo. No attack 
Alcohol, ethyl, 95%......... 2 yr. Crazed Thionyl chloride. ........... 6 hr. Dissolved 
BEEN LLL eure wr e Ra 27 mo. No attack Benzoin tincture, alcohol 80% 2 wk. No attack 
oo TRES TET TET. 21 mo. No attack Titanium tetrachloride.... ...  ...... Immediate attack 
Ammonium hydroxide, conc.. 14 mo. Few ''stars" developed ПАГ ees . 17 mo. No attack 
Sodium hydroxide, 40%...... 9 mo. No attack Hydrogen peroxide 3%..... . 13 mo. No attack 
Sodium hydroxide, 30%...... 21 mo. No attack Hydrogen peroxide 3%...... 22 mo. Few "stars" developed 
Potassium hydroxide, 30%... 15 mo. No attack Gasoline, room temperature.. ...... Softened immediately 
Ethylene diamine, 25% ...... 22 mo. Turned slightly yellow Motor oils, room temperature. 1 уг. No attack 
Triethylene tetramine........ 22 mo. Turned slightly yellow Petroleum jelly.............. 15 mo. No attack 
Glycerine................... l1? mo. No attack EMEN S i eoo exo 2 wk. No attack 
BEN анын на ые йй Immediate attack A s 23 mo. No attack 
BEENDEN LL cuu rubr arm RE © site Gig Immediate attack oa sê e. ... 17 mo. No attack 
eee Immediate attack Cotton seed oil.............. 17 mo. No attack 
BEEN Noe эн PT EI Immediate attack Olive oil.................... 23mo. No attack 
Orenge juice................ 1 жк. No attack Carbonated water at 0.3 dez.C. 5 wk. No attack 
Orange peel.................  lhr. Softened and crazed Water at 65 deg. C....... ... 2 wk. No attack 
Pineapple juice............. 3 wk. No attack Water at 75-80 deg. C....... 17 days Surface whitened and F 
Pineapple juice............. 10 mo. Slightly crazed became rough A 
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MEEHANITE CASTINGS 


The processes used in the production of Meehanite iron castings involve an accurate control of the 


disposition of the microconstituents and also of both the quantity and form of the graphite, rather than 


an adjustment of the chemical analysis. A number of specific classifications can be made. 


PROCESS AND METALLURGICAL STRUCTURE 


In the foundry materials are selected 
on the basis of qualitative analysis. 
Melting characteristics also are ob- 
served closely. Also, the molten iron 
is pretested for structural composition 
and the degree of graphitization is ad- 
justed before pouring the metal into the 
mold. 

In the making of Meehanite, graphiti- 
zation results from a catalytic process 
that disperses particles of graphite in 
the molten iron before solidification. 
Each particle acts as a nucleus for the 
formation of a grain so that not only 
is the formation of columnar crystals 
reduced, but the whole mass is a fine 
and dense crystal grain structure that is 
substantially free from planes of in- 
ternal weakness, shrink cracks, and 
columnar crystal embrittlement. Even 
metal in the sharp angles of castings 
is claimed to be of an equiaxed form of 
crystal structure. 

Like gray cast iron and steel, the 
properties of Meehanite are also af- 
fected by the cooling rate and the mass 
influence. The slower the solidification 
rate, the coarser is the grain structure 
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with consequent decrease in tensile 
strength. 


Effect of Section Size on Tensile Strength 


Section Tensile strength, Ib. per sq. in. 

thickness Meehanite Type 
in in. GB GA 

1.2 45,700 52,340 

B. 44,000 51,760 

& 42,360 49,800 

4. 43,000 48,450 

6. 43.800 41,300 


In addition to several 
types, there has been developed 


engineering 
five 


different types of Mehanite which have 
different combinations of physical prop- 
erties for parts which are subject to 
wear of various kinds caused by rubbing 
friction, corrosion, thermal shock, abra- 
sion, or erosion. Heat resisting types 
have also been developed that are re- 
sistant to growth, warpage, scaling and 
corrosion. Most of the types of Mee- 
hanite resist the penetration of steam 
and gases and do not show any growth 
or deterioration at temperatures up to 
600 deg. F. At higher temperatures, 
however, the general engineering types 
of Meehanite are not recommended. 


HEAT-TREATMENTS TO IMPROVE PROPERTIES 


Stress relieving of Meehanite is car- 
ried out at temperatures ranging from 
850 to 1,150 deg. F., depending upon 
the type of Meehanite and the size of 
the casting. 

Machinability is improved, when re- 
quired, by annealing in which opera- 


tion care must be taken to prevent 
excessive graphitization and loss of 
strength. 


The high strength Meehanites are 
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Maximum Torsional Fiber Stress, Ы. рег 59 .1п. 


Fig. 1—Specific damping capacity of GE and GA types of 


Meehanite 


December, 1941 
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comparable to carbon steel in their re- 
sponse to hardening by quenching in 
oil from above the critical change tem- 
perature. Reheating the casting after 
hardening or quenching from above the 
critical temperature directly into a mol- 
ten lead or salt bath at 500 to 730 
deg. F. improves impact properties. 
Castings can be hardened on the sur- 
face or locally by flame hardening. 
Points to remember when designing 
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Number of Times Heated 





Relative growth of various materials after heating to 


1,600 deg. F. a number of times 
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Table I—Physical Properties of Meehanite Castings 





GENERAL ENGINEERING TYPES 








PROPERTIES E 
GM GA GB GC GD GE 
Tensile strength — 1,000 Ib. per sq. in... 55 50 15 10 5 30 
Modulus of elasticity — 10° lb. per sq. in.. 23.0 21.0 19.0 17.5 15.0 2. 
Transverse strength of 1.2 in. bar — 18 in. 
centers 
Ее о ваар анат 3,300-3,700 | 3,100-3,600 | 3,000-3,400 | 2,900-3,300 | 2,600-3,000 | 2,000-2,500 
A e Ss ces 0.28-0.34 0.28-0.34 0.28-0.34 0. 26-0. 34 0.22-0.34 0.20-0.34 
Modulus of rupture — 1,000 lb. per sq. in. . 93.0 88.95 84.7 82.0 14.1 61.0 
Compressive strength — 1,000 Ib. per sq. in. 200.9 175.0 160.0 150.0 130.0 120.0 
Fatigue strength — 1,000 lb. per sq. in. . . 25.0 22.0 19.0 17.5 15.0 13.7 
Impact strength — Charpy — ft.-lb....... 8.0 7.2 5.8 4.5 3.2 2.1 
Torsional strength — 0.75 in. dia. x 14.5 in. 
long 
Fibre stress ultimate — 1,000 lb. per sq. 
NC este eis ы кажый а 64.0 60.0 55.9 15.9 10.1 39.3 
a AT асс, 99.3 98.7 76.1 64.3 56.1 19.2 
Shear strength — 1,000 lb. per sq. in...... Over 55.0 18.0 14.0 10.0 35.0 30.0 
Damping capacity — 20,000 Ib. per sq. in. 
Torsional stress energy dissipated lst 
сусіе,:регоеюќ. . ........... e 21.0 24.0 25.0 28.0 30.0 32.0 
Brinell — as cast.............. rs >217 >207 >196 >192 >183 >174 
Thermal conductivity — 50-450 deg. F. 
B.t.u./hr./sq.ft./in. thickness /deg. F 355 350 345 325 300 290 
Coefficient of thermal expansion per deg. F. 
from 100-1,000 deg. F. 107%........ 6.91 6.87 6.84 6.11 6.10 6.66 
Magnetic permeability — Kilolines per 
sq. in. 
10 ampere turns per in.............. 19.0 18.0 4.2 12.6 2.9 38.1 
100 ampere turns per in............. 60.1 63.5 61.3 59.5 59.3 51.8 
Coercive force amp. turns per in. at 64.5 
kilolines per sq. in...... i ere 14.6 13.5 41.2 32.9 27.5 22.2 
Machinability rating — Dalcher........ ; 50 18 18 17 14 38 
ee ee ee 7.48 7.43 1.37 1.25 1.13 1.02 
Freezing range — deg. F. 
СУЕ асо б 2,330 2,325 2,300 2,292 2,230 2,210 
Е Оооо рее 2,120 2,120 2,100 2,107 2,100 2,100 
Phosphide......... LO ae ree = See, 1,760 1,751 1,750 1,750 
Electric resistance microhms per cu. cm... . 12 Eo si uw WM Xue AME Su 78 
Specific heat — 0 to 212 deg. F. EE — seme clo WEMEKC C3 BARS CUR QD QU а 
At 1,800 deg. F... О и КО. uo M o». 1B. 3S 
Latent heat of  solidification Gram 
| ere pee E КЕЛЕ ККИ 0.72 0.8 2 2.0 3.1 5.4 
Carbide change A. R.— deg. F........... 1,365 1,370 1,375 1,380 1,385 1,395 
Solid contraction — in. per ft. 
Patternmaker's shrinkage. ......... i 5/32 5/32 1/8-5/32 1/8 1/8 1/10-1/8 
CORROSION- RESISTING 
TYPES 
PROPERTIES 


_ ےا ا А‏ 


Maximum working temperature — deg. F 








CC-CB 


Tensile strength — 1,000 Ib. per sq. in... .. 12 
Modulus of elasticity — 109 Ib. per sq. in. 19.0 
Transverse strength of 1.2 in. bar — 18 in. 
centers 
MED Noo ovas v» S Ex a Т 3,000 
PEE Mos usos Ira peas do ms 0.30 
Modulus of rupture — 1,000 Ib. per sq. in.. 11.0 
Compressive strength — 1,000 Ib. per sq. in. 160.0 
Fatigue strength — 1,000 lb. per sq. in.... 19.0 
Shear strength — 1,000 lb. per sq. in...... 12.0 
Damping capacity — 20,000 lb. per sq. in. 
torsional stress energy dissipated Ist 
DELE. 1. onion dos eens 23.0 Tox 19.0 26.0 
ШАША ср ӨШ... у... „>. „+ ээ.» эш» >229 >300 >229 »187 
Thermal conductivity — 50-450 deg. F. L 
B.t.u. /hr./sq.ft. /in. thickness/deg. F.... 360 218 360 325 
Coefficient of thermal expansion — per deg. 
F.— from 100-1,000 deg. F. 1079........ 1.28 6.14 1.43 6.81 
Solid contraction — in. per ft. 
Patternmaker's shrinkage............ 5/32 5/32 5/32 5/32 





Propuct ENGINEERING 


















castings that are to be flame hardened: 
]. Extra stock is desirable on light 
castings to take care of warpage and 


cleanup. TEMPERATURE 
2. Holes should be avoided, but when Deg. F. 

necessary they should be countersunk. 

There should be a minimum of !4 in. EM os 

between the edge of the casting and the ғ 900............ 


outside of the holes. 1 

3. Avoid designs which involve sud- i 
den changes from heavy to light sec- j’999 000000000 
tions. Use fillets generously. 1 

4. Wall sections and ribs adjoining a. 1 
hardened surface should not be less 1 
than ¥% in. thick. 
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Fig. 3—Effect of temperature on the proportional limit of types 
GA and GB Meehanite 


Specimen No.l- Dia.0.3586" 
Length 4.329" - Temperature 8009F. 
Stress 15,680 Ib. per sq.in. 
Creep rate’ 0.8 x 106 in. per, hr 





| Specimen No.2- Dia. 0.3588" 
ме 4.595" -Temperature 650°F. 
tress 22,400 lb. per sq. in. 

Creep rate 0.4 x10-¢ in. per hr. 





Specimen No.3- Dia.0.3588” 
Length 4.395"- Temperature 750°F. 
Stress 22,400 Ib. per sq.in. 
Creep rate 1.01 x10-®in. per hr. 


Strain in Inches per Inch 





200 300 400 500 600 
Duration of Tests, Hours 


Fig. 5—Creep tests of type GA Meehanite at various temperatures 
and time up to 600 hours 


December, 1941 
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Table II—Properties Under Heat Influence 


MAXIMUM GROWTH 
In. per in. per year 


. per sq. in. 
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GB Meehanife 

















Tensile Strength , Lb. per Sq.In. 





400 600 800 _1000 1,200 
Temperature, Deg.F. 


Fig. 4—Effect of temperature on the tensile strength of types 
GA and GB Meehanite 
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Fig. 6—Effect of heat-treatment on physical properties of type 
GA Meehanite 
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PROPERTIES of 85-15 BRASS 


THE 85-15 BRass is composed of 85 per- 
cent copper and the remainder zinc. 
This alloy is also known commercially 
as Red Brass or Rich Low Brass and is 
available in wire, rod, bars, shapes, 
sheet, strip, plate, tube and pipe. 
Among the more important specifica- 
tions which consider 85-15 brass are 
A.S.T.M. B134 on wire, A.S.T.M. B36 
and U.S. Army 57-160 on sheet and 
strip, A.S.T.M. B43, B111, and B135, 
Federal Specification WW-P-541, WW- 
P-448, WW-P-351, and WW-T-791, U.S. 
Army 57-190, U.S. Navy 44-P-12c, 44- 
T-15b, 44-T-l6a, A.S.M.E. S24, S27, 
S47, and SAE74 on pipe and tubing. 
This brass has excellent cold work- 
ing properties and can be spun, drawn, 
stamped, cold forged and upset. Its 
hot working properties are similar to 
copper and, as in the case of copper, 
lead must be held to a trace in order 
to avoid cracking during hot working. 
In resisting the action of certain 
chemical reagents, particularly salt, 
brackish or corrosive inland waters, 
85-15 brass offers more resistance than 
copper. As a consequence 85-15 brass 
pipe and tubing are used extensively in 
plumbing and heat exchangers. Unlike 


85-15 BRASS STRIP 


Code 


Reody-to-finish grain size 
=== 0 0.015 mm. 


Tensile strength > 





R. A. WILKINS and E. S. BUNN 


Revere Copper and Brass Incorporated 


brasses of higher zinc content, it is 
relatively immune to *season cracking" 
and “dezincification.” 

In the cold working as well as in the 
annealing series of charts for strip, it 
will be observed that properties are 
given for two different ready-to-finish 
grain sizes, as in similar brass data in 
Propuct ENGINEERING, October and 
November. The two values of ready-to- 
finish grain size, 0.015 mm. and 0.070 
mm., were chosen because they repre- 
sent the limits encountered in the com- 
mercial annealing of 85-15 strip. 

In order to render 85-15 rod suffi- 
ciently malleable for cold drawing, it 
is common practice to anneal prior to 
cold working so as to produce a grain 
size of 0.045 mm. to 0.050 mm. 

It will be observed that the mechan- 
ical properties are markedly influenced 
by the ready-to-finish grain size. This 
is especially true for the cold worked 
strip series as shown in Figs. 1-4. The 
amount of cold work is measured in 
B. & S. numbers hard. 

A different range of properties is of 
course established for each number of 
hardness as shown in Figs. 1-4. This 
range is typical of commercial produc- 


© 


Rockwell Hardness e In. Boll F 60 Kg. Load B 100 Kg. Load 


p ME ME 41 м0 о 55 ч» єз 1 DF л 
B. & S. Numbers Hord 


Fig. 1—Effect of cold working on tensile strength and apparent 
elastic limit of 85-15 brass strip (85.42 percent copper, lead and 
iron trace, zinc balance) having two different ready-to-finish 


grain sizes 
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finish grain sizes 


tion and as such is recognized in com. 
mercial specifications. Control of the 
ready-to-finish grain size from one lot 
to another for a given amount of cold 
work is absolutely necessary in order 
to secure identical properties in strip 
brass or 85-15. It will be noted in Fig. 1 
that material having a ready-to-finish 
grain size of 0.015 mm. and cold 
worked 5 numbers has the same tensile 
strength as material with a ready-to- 
finish grain size of 0.070 mm. cold 
worked 7 numbers hard. 

The influence of ready-to-finish grain 
size on material which has been cold 
worked 6 numbers (50% reduction) 
and then annealed, as in Figs. 5-10, is 
less marked but nevertheless as impor- 
tant. Material having a ready-to-finish 
grain size of 0.070 mm. has consistently 
lower mechanical properties at the given 
annealing temperature than material 
having a ready-to-finish grain size of 
0.015 mm. 

Traces of lead and iron are present 
in this brass. The exact copper con- 
tents are 85.42 percent in the strip 
(Figs. 1-10), 85.68 percent in the rod 
(Figs. 11-17), and 85.01 percent in the 
tubing, Fig. 18. 


85-15 BRASS STRIP 


Code 
y-to- finish grain size 


amaan ОЭ ИИИ. 
= سے‎ mm. 





TS; a 7*9 © 
B. & S. Numbers Hard 


Fig. 2—Effect of cold working on Rockwell F and B hardnes 
and percentage elongation of 85-15 brass strip (85.42 percent 
copper, lead and iron trace) having two different readyto 
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85-15 BRASS STRIP = 
Ready - to- finish grain size-0.015 тир 


Соае 


(1)0.10 percent yield strength (Offset) 


(2020 " " 


" (Extension) 
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1000 Lb. per Sq. In. 
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Percent Reduction of Area by Cold Rollin 
0 11.0 207 294 372 440 50.0 555 605 648 686 


9 f a oe eee: OS Ce 8 9 10 
B.& S. Numbers Hard 


Fig. 3—Effect of cold working on yield strength of 85-15 brass 
strip as determined by three different methods. The effect of 
ready-to-finish grain size on yield strength may be compared 
in Figs. 3 and 4 













85-15 BRASS STRIP 
Cold rolled 6B &S numbers hard 
(50% reduction) 








Code 
Ready-to-finish grain size 
7777 0.015 mm 
0.070 mm 
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Fig. 5—Tensile strength and apparent elastic limit of 85-15 
brass strip as affected by ready-to-finish grain size and by 
annealing after cold rolling to 6 B. & S. numbers hard 


December, 1941 





85-15 BRASS STRIP 
Ready -to- finish grain size- 0.070 mm. 


Code 
0.10 percent yield strength (Offset) 


" " 


(Extension) 





"là К. S. н am. 


Fig. 4—Effect of cold working on yield strength of 85-15 brass 
strip as determined by three different methods. The effect of 
ready-to-finish grain size on yield strength may be compared 
in Figs. 3 and 4 
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Code 
Ready-to- finish groin size 
-—-—- 0.015 mm. 
——2 0.070 тт. 
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Fig. 6—Rockwell F hardness and percentage elongation of 
85-15 brass strip as affected by ready-to-finish grain size and 
by annealing after cold rolling to 6 B. & S. numbers hard 
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Fig. 7—Grain growth of 85-15 brass strip as affected by ready- 
to-finish grain size and by annealing ajter cold rolling to 6 


B. & S. numbers hard 
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Fig. 9—Yield strength of 85-15 brass strip as affected by ready- 


to-finish grain size and by annealing after cold rolling to 6 B. 
& S. numbers hard 
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Fig. 8—Approximate tensile strength and percentage elongation 
of 85-15 brass strip can be determined when only Rockwell 
hardness is known. Accuracy is within the given limits for all 
thicknesses between 0.020 and 0.080 in. 
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Fig. 10—Yield strength of 85-15 brass strip as affected by ready 


to-finish grain size and by annealing after cold rolling " 
6 B. & S. numbers hard 
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85-15 BRASS ROD 
Rod under lin. dia. 
Ready-to-finish grain size-0,050 mm. 
Cold drawn 





1,000 Lb. per Sq. In. 


3 
Percent Reduction by Cold Working 


Fig. 11—Effect of cold working on tensile strength and ap- 
parent elastic limit of 85-15 brass rod having a ready-to-finish 
grain size of 0.050 mm. 
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Fig. 13—Effect of cold working on yield strength of 85-15 
brass rod is shown by three methods 
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Fig. 12- Effect of cold working on Rockwell F and B hard- 
ness, reduction of area, and percentage elongation of 85-15 
brass rod 
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Fig. 14 —Effect of annealing on yield strength of 85-15 brass rod 
is shown by three methods 
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85-15 BRASS ROD 
Previous reduction 37 percent 
Ready-to- finish grain size 0.050 mm. 


Rod under lin. dia. 


ep | 
ГМТ 


-Tensile strength 














© abi 0.080 
A 0.060 
ا‎ 

= 0.020 
eS Gram size in mm. 

о 50 0.000 







T hw Chie lam 27 
7 elastic limit 
10 


„ла 
Д 


CD 400 600 800 1,000 1,200 1400 
Annealing Temperature Deg.F (1 Hr. at Temp.) 





Fig. 15—Effect of annealing on tensile strength, apparent 
elastic limit, and grain growth of 85-15 brass rod 
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Fig. 17 —Effects of elevated temperature on tensile strength and 


elongation of 85-15 brass rod. Material was held at the temp- 
erature one hour prior to testing 
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Fig. 16 —Effect of annealing on Rockwell F and B hardness, 
percentage reduction of area, and percentage elongation 
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Fig. 18—Effect of annealing on physical properties of condenser 
tubing previously given a 65 percent reduction of area by cold 
working from a ready-to-finish grain size of 0.050 mm. 
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VULCANIZED FIBRE WITH 


WOOD CORE 


In order to obtain all the advantages of plywood plus other desired properties, special types of ply 


materials have been developed. One of these, known as Fybr-Tech, manufactured by Technical Ply-Woods 


of Chicago, consists of a wood veneer core with vulcanized fibre sheets bonded to one or both faces. 


GENERAL CHARACTERISTICS— Fibre faces are tough, non-splintering, corrosion resistant, uniform in strength and 
thickness, and have a smooth surface that requires no preparation for paint lacquer or varnish finishing. 


WEIGHT —Weight varies with thickness of fibre facing and total thickness. For a rough approximation, Fybr-Tech has 
about one-half the weight of aluminum. For estimating weights of sheets of other thicknesses, $ in. veneer 
weighs about 1 lb. per sq. ft. and fibre sheet weighs about 0.068 lb. per sq. ft. per 0.010 in. thickness. 
Weight of the resin bonding or glue can be disregarded. 


Weight of Fybr-Tech Sheets 





Thickness of Fibre Facings 





Total Thickness in inches 


THICKNESS OF SHEETS —Standard 3 or more ply sheets, 
consisting of a veneer core and two fibre faces or a 
veneer core, a fibre face and a veneer back, are obtainable 
in any total thickness from 3'y in. up. Popular thicknesses 
are gy in., gy in., 7g in., 35 in., $ in. and ṣẹ in. Thickness 
of the fibre sheet may be 0.015 in., or 0.005 in. The panels 
can also be made with two veneer faces or with a fibre face 
and a veneer back. All thicknesses 4 in. and greater аге 5 
ply with two fibre faces and a 3-ply veneer core. 


TENSILE STRENGTH 
Three plys, 3/32 in. total thickness 
ИВ ес, _.. 5,500 to 6,000 1Ь. рег sq. in. 
MM Далан ае 11,360 to 13,980 Ib. per sq. in. 





The fibre itself has a tensile strength of 19,000 Ib. per 
sq. in. with the grain and about 8,700 lb. per sq. in. 
across the grain. The strength of the Fybr-Tech p:nel 
will vary appreciably according to the thickness of fibre. 

Strength parallel to grain per unit weight is comparable 
to that of pure aluminum. 


WORKABILITY —Can readily be punched, drilled, sawed 
and machined with ordinary tools. Can be bent to a single 
curvature on hot rolls to a radius as small as 3 in. Can 
be shaped more readily than conventional plywood, with 
virtually equal pliancy both with and across the grain. 
Can be molded to compound curvatures of large radii. 


December, 1941 








0.015 in. 





0.010 in. 





0.007 in. 
Total Weight in Ib. per sq. ft. 


DIELECTRIC STRENGTH —Dielectric strength varies ac- 
cording to various factors but a minimum of 300 volts 
per mil thickness can be depended on. 


CORROSION RESISTANCE —Resistant to acetic and car- 
bolic acid, ammonia, gasoline, turpentine, linseed oil, 
cottonseed oil, machine oil and alcohol. Will be injured 
by strong acids such as nitric, hydrochloric and sulphuric. 


FIRE RESISTANCE— The material is slow-burning and 
does not support combustion. It can be made “fireproof” 
by a surface treatment. 


SURFACE — Tough, scratch-proof, and non-splitting sur- 
face. The surface absorbs paints readily, giving a smooth 


level finish. 


WEAR RESISTANCE —Fybr-Tech has all the wear-resist- 
ing characteristics of vulcanized fibre. 


APPLICATIONS—Is being used successfully to replace 
aluminum sheets in street cars, buses and passenger trains 


for interior paneling, headlinings, floors, racks, seat backs 
and paneling under windows; in trucks and trailers for 
headlinings, flush paneling, instrument panels, seat backs; 
in marine construction for cabin paneling, bunks, furni 
ture, ceilings and floors. Has found some applications in 
aircraft where extreme rigidity is not required. 
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WHITE BRONZE PLATING 


SPECULUM WHITE BRONZE, as electro- 
plated by a recently developed process, 
gives a hard, durable coating which 
keeps its warm brilliance and remains 
untarnished in ordinary atmospheres 
for an indefinite time. Because of its 
pleasing color, brightness, hardness, 
and durability, speculum plating has 
been suggested as an alternate for 
stainless metals, for nickel, chromium, 
and silver plating, and for other cor- 
rosion-resistant plated finishes where 
good appearance is desirable. 

The coating is an alloy of tin and 
copper made by simultaneously plating 
both metals over any suitable base 
metal. Between 35 percent and 55 per- 


the standard proportions are tin 40 
percent, copper 60 percent. The process 
has been developed for basic metals 
such as copper, brass, bronze, nickel 
silver and tin or lead-base alloys such 
as pewter. 

The process requires equipment and 
control similar to that of alkaline stan- 
nate tin plating. Only one plating bath 
is used. Since the deposit is only 40 to 
45 percent tin, the materials cost is 
lower than for tin plating. 

Surface preparation of the base ma- 
terial consists of obtaining a smooth 
clean surface as for any other electro- 
plated product. The coating may be 
plated directly on copper, brass, bronze, 


alloys. With steel, an undercoating of 
nickel or red bronze (10 to 12 percent 
tin) is recommended. No intermediate 
cleaning and polishing is necessary 
for plated undercoat. 

Thickness of the speculum eleciro- 
plated coating naturally depends upon 
the conditions to which the part is sub- 
jected. Thus 0.0005 in. may be adequate 
for most indoor uses, and 0.001 in. may 
be desired where more corrosive condi- 
tions or greater wear is encountered. 
The coating is compact and non-porous, 

If deposited on a smooth surface, the 
speculum coating has a satiny finish 
which may be satisfactory without 
polishing. Full luster is achieved with 


cent of tin can be deposited, however, nickel silver, and 


tin or lead base 


light polishing operation, 


PROPERTIES OF SPECULUM 


COLOR of white bronze is very similar to that of polished silver, is less blue than chromium, and 1 CHROMIUM 
less yellow than nickel. Its relative position on the color scale is shown in Fig. 1. Although almost Blue 
indistinguishable from silver, it is reported to have a suggestion of warmth. Hitherto white metal 
decorative schemes have commonly been associated with blue, but the new coating shows to advan- SPECULUM 
tage against cream, brown, and other warmer tones. SILVER 

Red FIG. | 
HARDNESS. Speculum white bronze has a hardness intermediate between that of nickel and | NICKEL 


chromium, Because of this hardness, it is not easily scratched in normal use. 


RESISTANCE TO CORROSION. The coating is quite re- 
sistant to alkaline solutions and moderately resistant to acids. 
In particular, it is unaffected by fruit juices such as lemon 
and tomato and by liquids such as milk, vinegar and beer. 
The coatings are not tarnished by traces of sulphur and 
consequently are suitable for bright metal work in city 
atmospheres. Speculum plating has not yet been thoroughly 
tested for outdoor applications, but automobile bumpers 
plated with the white bronze have withstood corrosion and 
retained their luster during four months of winter use. 


Reflecting Powers of Metals 


White light Color* 

directly 

reflected Silver = 0 
Silver 0 
Chromium blue-green 12 units 
Nickel red 16 units 
Stainless steel blue-green 3 units 
White Bronze 

Speculum red l unit 





*Data in this column were obtained by measuring the 
excess of red and of blue-green light reflected by various 
metals and expressing this by an index number with 
silver as zero. 


REFLECTIVITY. Although the reflectivity is less than that 
of freshly polished silver, it is greater than that of chromium, 
nickel, or stainless steel. Table above gives a direct com- 
parison of the reflecting powers of freshly polished metal 
surfaces. 
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RETENTION OF LUSTER. When subjected to ordinary 
indoor atmospheric corrosion, the coatings appear to retain 
their luster indefinitely. After a few week’s exposure the 
comparison with silver, as shown in Fig. 2, is striking. 
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APPLICATIONS 


PRINCIPAL APPLICATIONS of speculum white bronze plating. 
as developed thus far, are mainly for indoor use. Tests made 
in outdoor applications indicate that it will be satisfactory 
wherever a smooth, bright, hard electroplated finish is 
desired. The speculum electroplating process has been in 
commercial operation in a Birmingham (England) factory 
since 1939, which has established that the operation of the 
process is a satisfactory industrial proposition. American 
rights are held by City Auto Stamping Company of Toledo. 
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luestion and Comment 


Engineering the Patent 


JOHN F. CAVANAGH 
Boston Wire Stitcher Company 


A mechanical engineer is a person 
capable of expertly supervising any 
project within the scope of his par- 
ticular branch of the profession, from 
its conception through the various 
stages of design, development, tooling 
and manufacturing to the usable state 
without violating any of the tenets of 
engineering practice. If these considera- 
tions were more generally applied to 
the various stages in preparation and 
pursuit of patent applications our patent 
ofice would not be cluttered with the 
debris of impractical and worthless 
patents, and legitimate developments 
would be more effectively protected. 

A general knowledge of patent prac- 
tice is of course a -prerequisite of a 
good engineer. Hence, we shall not 
dwell upon such attendant considera- 
tions as “at date of conception,” “re- 
duction to practice” and “due dili- 
gence,” indispensably important though 
they are. In this connection the highly 
informative current articles of Col. 
H. A. Toulmin, Jr., in Propuct Enci- 
NEERING treat them from the proper 
standpoint, basic patent law. 

Before looking into the matter of 
claim phrasing let us consider the other 
two portions of a patent, namely the 
drawings and specifications. In the 
general run of factory patents, by that 
is meant those peculiar to the product 
of a concern, the patent draftsman may 
be relied upon to amply illustrate the 
new mechanism from drawings supplied 
for the purpose. In cases where patents 
are to be sold or become the basis of 
financial exploitation, the engineer 
should suggest views which will most 
effectively interest prospective pur- 
chasers who in many instances are not 
technically minded. At least one view 
should approach a trade catalog il- 
lustration, If the application affects a 
tool or implement, the improvement 
should be shown in use. 

Illustrate all modifications of the in- 
vention which come within the claims. 
If the office uncovers references which 
read upon the preferred form of the 
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invention, it is usually worth while to 
narrow the claims to cover another of 
the illustrated forms. Even if a refer- 
ence is found which dominates the ap- 
plication, one of the alternative forms 
may be patented and prove saleable to 
the party holding the dominating patent. 
Then again the original patent may 
have but a comparatively short period 
to run in which case the later patent on 
an improvement would have potential 
value. This procedure could not be 
followed unless the drawings depicted 
such alternative forms of the invention. 

The foregoing considerations relat- 
ing to the patent drawings also apply 
in a lesser degree to the specifications. 
These should be studied carefully to the 
end that they describe fully every 
patentable detail of the illustrations, 
together with their functions. 

A case in point involved a patent on 
a small picce of electrical mechanism 
wherein a lever was cam-actuated under 
certain conditions and electromagneti- 
cally actuated under others. In the 
specifications it was brought out that 
the electromagnet *might" under cer- 
tain conditions be utiiized to merely 
“assist” the cam to actuate the lever. 
While the functions of the device as 
described did net depend upon such a 
contingency as the electromagnet “as- 
sisting” the cam, nevertheless reference 
to the fact that the combination could 
so function proved a deterrent to a later 
applicant wherein the functioning of an 
entirely different piece of mechanism 
actually was entirely dependent upon 
an electromagnet assisting a cam to 
operate a lever. 

Another such case involved a steam 
trap wherein a by-pass was shown 
partly in section and in continuation by 
dotted lines. While this by-pass was not 
considered of importance when the case 
was prepared for filing, due to research 
during the period of patent office ex- 
amination the passage became im- 
mensely important and further claims 
were presented covering it specifically. 
These claims were rejected by the office 


on the grounds that the specifications 
did not explicitly state that the dotted 
lines represented a continuation of the 
by-pass and the filing of a new applica- 
tion became necessary. 

The worth of any patent insofar as a 
particular invention is concerned re- 
sides in the claims. The fruits of pains- 
taking research are sometimes lost 
because care is not exercised to employ 
words and phrases which adequately 
insure protection and the most effective 
way to build up this protection is to 
attack the proposed claims as a com- 
petitor and lay before the attorney 
every conceivable modification which 
may retain the substance of the inven- 
tion and still dispense with a clause in 
a claim, bearing in mind that the 
elimination of but one clause is enough 
to void a claim. 

Some years ago a fully prepared ap- 
plication was laid before an engineer 
for his casual examination. It concerned 
an electrical mechanism adjustably 
mounted in a symmetrical housing. In 
order to make the mechanism readily 
replaceable it was controlled by a lever 
pivoted on the outside of the housing, 
inter-engagement being effected through 
a small opening in the side of the hous- 
ing. The device appeared to be new and 
of considerable potential value. Hence, 
the drawings and specifications were 
carefully prepared and the numerous 
claims at first sight seemed adequate. 
In practically every claim, however, 
appeared the clauses *externally pivoted 
lever" or *externally mounted means" 
for effecting adjustment of the me- 
chanism within the housing. The engi- 
neer pointed out how easily a com- 
petitor could avoid the claims by 
modifying the housing so as to include 
the lever pivot. The word “inde- 
pendently” -was accordingly substituted 
for “externally” and eventually a strong 
patent was issued. 

The inventor who is not thoroughly 
versed in patent practice as affecting 
the preparation of patent applications 
would do well by obtaining the advice 
of a competent engineer. For the manu- 
facturing concern whose products are 
the subjects of frequent patent appli- 
cations, intelligent engineering attention 
to all applications along the foregoing 
lines is necessary to insure due cov- 
erage and to reduce the danger of inter- 
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ference or litigation to a minimum. 
Such attention may not be hit and miss 
in character nor may it be delegated 
to unqualified assistants. 


Mess Kits of Plastic 
To the Editor: 


On page 564 of your October issue, a 
letter to the editor suggests that Army 
mess kits be made of plastics instead 
of aluminum. 

Problem number 1 today would be to 
secure the plastics. They're .about as 
tight as aluminum. 

Problem number 2 would be a suit- 
able plastic, though I believe that is 
solved through the Durez resin Kys-Ite 
material made by Keyes Fibre Com- 
pany, which would have the strength 
and durability. Keyes’ problem is to 
secure enough material and, as the de- 
velopment is new, production facilities 
are far too limited to care for Army 
requirements. —HERBERT S. SPENCER 

Durez Plastics & Chemicals, Inc. 


Watermelon Rind 
Complicates Problem 


To the Editor: 

Mr. Smith’s problem of cutting a 
watermelon into n disk-shaped pieces of 
equal volume (P.E. Nov. 1941, p. 621) 
was a good one, but it can be made into 
an extremely interesting mathematical 
problem if you consider the rind to be 
waste material. 

Then, assuming the melon to be a 
prolate spheroid (elipse revolved on its 
major axis) with major axis a and 
minor axis b, and further assuming that 

= Ya, the skin thickness w can be 
called equal to 6/10. Then the problem 
is to divide the edible pulp into n equal 
parts. — RANDOLPH N. CURRY 

Stamford, Conn. 


Table Leg Designed 
For Uniform Stiffness 


To the Editor: 


The more perfectly an object is de- 
signed for its function, the more beauti- 
ful it will be. This maxim can be 
applied to the table leg described herein 
which is designed for maximum 
strength and lightness. 

A table leg is acted upon as a column 
by a top load, and when dragged across 
the floor it is acted upon as a cantilever 
beam by a side load. The side load is 
about one-half the top load, being gov- 
erned by friction. Since the side load 
may be applied in any direction, the 
cross-section of the leg should be cir- 
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cular. For lightness and strength, the 
cross section should also be hollow. 
Since the loading is a combined column 
and bending action, the ideal solution is 
not a cantilever of equal strength 
throughout, but a cantilever of equal 
stiffness throughout. Structurally this 
calls for a member whose elastic curve 
has an equal angular displacement 
throughout its length. This is an arc. 

From a rather lengthy mathematical 
derivation, formulas for the dimensions 
of the table leg are derived as 


D = 0.598 yi 
t = 0.054 D 


These equations describe a table leg 
28 in. long, made of 17 ST aluminum 
alloy where D is the outside diameter of 
the tube in in. at a distant y in. from the 
floor. The thickness of the tube is ¢ in. 
at D diameter. This leg will weigh 
about 10 oz, will support a dragging 
load of 220 lb. and a stationary load 
of 1,000 lb. The shape of the leg is 
shown in the diagram, as are the fittings 
necessary. The leg can be formed to a 
tapered tubing with control of wall 
thickness as described in Propuct En- 
GINEERING for September 1940, p. 400- 
403. —HERBERT STEVENS 

Bantam, Conn. 


Equinoxial Problem 
Misstates Sun’s Diameter 


To the Editor: 


I am pleased to acknowledge my 
Equinoxial Problem published on page 
564 of Propuct ENGINEERING for Ccto- 
ber. May I call attention to a state. 
ment of the problem which is somewhat 
in error. The sun’s diameter is given 
as 80,000 miles instead of the 800,000 
miles which I believe was the figure I 
submitted and which is considerably 
closer to the accepted value of some 
866,000 miles. —Rorawp W..ZiEGE 

Central Scientific Co, 


Double Welded Joint 
Simplifies Tank Testing 


To the Editor: 


This unique method for testing large 
tanks under pressure was called to my 
attention the other day. The method can 
be applied in many similar cases. 

Welded seams in large oil tanks, such 
as for a transformer, which must not 
show oil seepage even over long periods 
of time, are often tested under pressure. 
Test pressures greatly in excess of those 
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for which a large tank can be con- 
structed are desirable. A test with 150 
lb. per sq.in. of nitrogen has been found 
good practice to insure the quality of 
the joint. The double joint shown here 
is now used by Allis-Chalmers to insure 
oil tightness and to simplify testing, 
only a small volume of nitrogen being 
required, —Ep West 

Chicago, Ill. 


Method for Determining 
Keyway Dimensions 
To the Editor: 


I have recently worked out a method 
for determining dimensions for keyway 
depths which I think is far easier to use 
than the existing methods. 

It is considered good engineering 
practice, when dimensioning keyways, 
to give the distance from the bottom of 
the keyway to the opposite side of the 
shaft for keyways in shafts and to the 
opposite side of the bore for keyways 
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in hubs. To determine these dimensions 
involves first the finding of the value of 
m, as shown in the diagram. Often 
tables are not available or do not in- 
clude the value of m for the shaft and 
keyway in question. To calculate this 
distance requires the use of a table of 
squares and interpolation which is quite 
inconvenient. 

A simple yet accurate method to de- 
termine this value of m is to square 
one-half of the key width and divide by 
the diameter. This method may be used 
for any size shaft providing the keyway 
width is equal to, or less than, the 
standard one-quarter of the shaft 
diameter. 

The inaccuracy involved is only 
+0.0015 in. for a 6 ft. dia. shaft with a 
1% in. wide keyway. This inaccuracy 
decreases proportionately as the shaft 
diameter and keyway width decreases. 
This method may be used for square or 
flat, straight or tapered keyways. 

Example: Determine the value for 
§, and S, for 1% in. wide keyway in а 
6 in. dia. shaft. 


2 
W i &£. йй 
“-(4)xf-tx4x 


= a = 0.09375 in. 
8, = (6.000 — 0.750) — 0.094 = 5.156 
8, = (6.000 + 0.750) — 0.094 = 6.656 





Note: For shafts under 6 in. dia. and 
keyway widths equal to or less than one- 
quarter of the shaft diameter, the value 
for m will always be less than 0.100 
in. —Howarp C. KANE 

Kenmore, N. Y. 


Ammeter Finds Errors In 
Design of Machine Drives 
To the Editor: 


Oftentimes engineers working on a 
new machine, or a redesigned one, are 
puzzled as to the freedom of motion of 
the various parts—whether excessive 
loading caused by friction, close gear- 
mg, clutch tightness, etc., is making 
the machine act improperly. The 
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method we use is so obvious that it is 
usually forgotten—the ordinary electric 
ammeter. A few examples will make 
the point clearer: 

1. We redesigned a 72-in. openside 
planer crossrail, changing the method 
of feed and the lift mechanism. It was 
figured that a 5-hp. d.c. motor was 
more than ample to lift the crossrail. 
When in place we found that instead 
of taking 5 hp. (20 amp. at 230 volts), 
the motor took over 80 amp. By chang- 
ing the design of two thrust bearings 
the ammeter showed 18 amp. 

2. A large newly designed multispeed 
gear box was set up for test. Maximum 
loss of 2 hp. allowed. A 7l5-hp. vari- 
able speed d.c. motor was belted to the 
input end. An ammeter placed in the 
line indicated a 5.5-hp. load. The head 
was immediately removed and after a 
thorough investigation, an excess shoul- 
der allowance (draftsman’s error) was 
found to be causing great friction. The 
gear box would have been ruined if 
allowed to run for a longer period as 
the shaft and bearing could have 
reached red heat with no external sign. 

3. An excellent example of economy 
was recently discovered by this means. 
A medium size newly designed shell 
turning lathe was being tested. A 40-hp. 
rating was called for. The latest type 


gearing and bearings had been installed. 
An actual high speed production test 
with the ammeter in the line showed 
that 15 hp. was the most the lathe 
could “consume.” A 25-hp. motor is 
now recommended with a saving of 
material, a saving of expense, and a 
proved improvement in design. 
“Clamp on” meters were found to be 
most convenient, particularly those with 
the switches for changing full scale 
readings mounted on the handle. 
—SaMuEL HELLER 
Chief Engineer 
Consolidated Electric Motor Repair Co. 


Who Knows A Solder 
The Color of Bronze? 


To the Editor: 


We would appreciate your advising us 
where we can obtain solder that has the 
same color as bronze. We would like 
to use this to fill up blow holes in cast- 
ings on finished and unfinished surfaces 
that are “in the air". This solder will 
be used to fill these holes for the pur- 
pose of appearance only on surfaces 
subjected to no pressure whatsoever. 

—T. W. KELLEY 
Watertown, Mass. 


Can You Work This One? 


H. E. SMITH 


This month's problem— 


This One's A Pipe 


A disconsolate plumber sat on the 
edge of a trench with a piece of pipe 
and a problem. It seems he had to 
bend an offset in the pipe to cross from 
one side of the trench to the other. The 
pipe was 120 in. long and he couldn't 
cut it. The length of the trench he had 
to work in was just 100 in. and the 
amount of the offset was 30 in. on 
center lines of the pipe. The pipe bender 
he had would only bend on a 5 in. cen- 
ter radius. The LD. of the pipe was 
75% in, the weight of the pipe was 
0.57 lb. per ft. and at the time of m2k- 
ing the second bend the wind was blow- 
ing from the N.E. at 37 mi. per hr. The 
designing engineer had given the loca- 
tion of the first 5 in. bend as starting 


; 


№ 





40 in. from one end but had left off his 
drawing the location of the second 
bend. 

Where should the second bend be 


made? 


Solution to November problem— 


Brain Testers 


l. A number whose double is half 
the reciprocal of the 6th root of 5 to 
the 8th power divided by itself, is 
l4. This is easily found if it is realized 
that a number divided by itself is 1. 

2. A practical method for cutting a 
watermelon through its major axis, 
such that each of n disk-shaped slices 
have the same volume, is to measure the 
total volume of the melon by determin- 
ing the amount of water it will displace 
and then mark the points for cutting 
equal volumes as it is lowered into the 
water a second time. Mathematics may 
give a neater determination, but this 
method is good for a melon which is 
not a perfect prolate spheroid. 

3. If there were 22 birds and 14 
beasts in a menagerie, the lot would 
have 36 heads and 100 feet. 
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Chromium Situation Warrants Cautious 


Optimism 


ALL AUTHORITIES agree that a well- 
managed chromium situation should 
prevent an acute shortage in this coun- 
try despite any contingency that might 
arise in the next two years. When it 
is considered that almost all of our 
chromium comes to us over the world's 
war-torn oceans it is obvious that con- 
tingencies have a wide field. 

The amount of chromite ore we im- 
port (600.000 long tons in 1940) is 
sufficient to keep up with military and 
civilian needs even though these may 
grow somewhat in the future. The 
facilities for manufacturing ferrochro- 
mium have also been expanding and 
are becoming capable of keeping up 
with consumption. Hoarding and pri- 
orities in chromium till now have had 
the effect of creating a stock-pile large 
enough to give the country time to work 
out any problems caused by future im- 
porting shortage. 

Imports of chromite may be divided 
roughly as follows: 


КИЮ... ono cn UN 
Philippines ........244 
BEN о сексен 8% 
MEME LosvaceososdEN 
New Caledonia..... 6% 
MENS. vasi uS 8% 


All but 8 percent of our imports may 
be considered as vulnerable. Domestic 
production is but a fraction of one 
percent of consumption although in- 
tensive development may raise that to 
nearly two percent within a year. 
American chromite deposits are chiefly 
in California and Montana and in the 
latter state two new plants (mines and 
smelters) are scheduled to begin pro- 
duction by January. They are owned 
by the Defense Plant Corporation and 
will be operated by the Anaconda Cop- 
per Company. 

How far this country may be able to 
supply its own chromite is still a mat- 
ter awaiting the results of geological 
surveys although it has been stated that 
the United States produced 40 percent 
of its consumption during 1918. Alaska 
has revealed some high-grade ore. Ores 
of lesser quality have been found in 
Montana, Wyoming, Washington, Ore- 
gon and California. 


680 





The quality of the chromite ore de- 
termines its industrial use in one of 
the three divisions, metallurgical, re- 
fractory and chemical. Only the high 
grade ore, containing at least 45 percent 
chromite and low in impurities, can be 
used metallurgically, that is, in the 
making of stainless steels and chrome- 
bearing steels for armor-piercing pro- 
jectiles, gun parts, springs, axles and 
so forth. (The chromite is generally 
converted into high- or low-carbon fer- 
rochromium in an electric furnace be- 
fore being added to the steel.) Almost 
50 percent of total consumption goes 
into the making of steel alloys. 

Chromite with the proper physica! 
and chemical (not high grade) proper- 
ties is used for refracto-ies in lining 
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Badly torn metal of aluminum self- 
sealing fuel tanks, ripped in tests by 
.50 cal. machine-gun bullets, could pre- 
vent closing of their internal rubber 
seals. This long-standing design prob- 
lem may be solved by Plioform, a new 
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steel furnaces. Lump and ground chro- 
mite and cements using chromite are 
employed in bricks and in building and 
repairing furnaces. Another possible 
use of chromite is in the making of 
open-hearth furnace roofs. Use of 
chromite as a refractory accounted for 
about 30 percent of total consumption. 
The remaining 20 percent of domestic 
consumption is absorbed by the chemi- 
cal industry. Chromite is used in the 
manufacture of chromic acid and in 
making pigments such as yellow, green 
and red. It is also used in tanning and 
in making dyes such as olive drab. Re. 
cently chromium chemicals have been 
used increasingly in pickling solutions 
in the non-ferrous metals industry. 
Conservation of chromium by substi- 
tution is impossible in stainless steels 
and, in tool steels, is blocked by the 
fact that the substitutes əre even more 
scarce. Substitutes for refractories are 


Goodyear product which will not flare 
or burst under crash impact, makinz i! 
ideal for combat or training purposes 
The new plastic is a military secret bu 
Goodyear describes it as a compound o 
crude rubber and rubber resin. 
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dificuli for the same reason and for 
many chemical purposes alternatives 
are unacceptable. Thus free oceans, 
adequate shipping and careful use are 
needed to keep chromite consumption 
close to normal now and in the future. 


New Test for Flow 
of Solid Metals 


UNDER HEAT AND STRESS, solid metals 
will flow or “creep.” Metals such as 
lead creep at room temperatures but 
even steel will creep under the right 
conditions, such as might be met, for 
instance, in a steam turbine. Both tur- 
bine efficiency and creep rate go up 
with temperature; hence the importance 
of research and research methods in 
creating new high temperature alloys. 

Usual creep tests are made on bars 
of metal kept in furnaces at from 800 
to 1.400 deg. F. and require from one 
month to one year. The new test, de- 
vised by the General Electric Company's 
Research Laboratory, uses a thin wire 
heated electrically to between 1,500 to 
2000 deg. F. To prevent the rapid 
rusting that would take place in oxy- 
gen-bearing air, the wire is enclosed in 
a glass tube through which nitrogen 
flows. A hanging weight produces the 
stress and the resultant stretch is 
watched and measured through a micro- 
scope. Lengthening may be as much 
as ló percent per hour and months of 
data are accumulated in one or two 
days. Interesting results and new 
theories are being produced by this 
method. 


Rapid Qualitative 
Analysis of Steels 


A QUICK AND SIMPLE METHOD for mak- 
ing a qualitative analysis of any steel 
sample was reported recently by the 
Bell Telephone Laboratories. Uniting 
chemistry and electricity, it is called 
electrographic analysis. The equipment 
is inexpensive and the records are per- 
manent. 

This is a useful application of the 
sometimes destructive principle of 
electrolysis. When an electric current 
is passed through steel and into a solu- 
tion of a salt or alkali or acid, some 
metal is always carried into solution. 
For this test the minute amount of metal 
needed has no effect on the object 
tested. 

Since various metals react with dif- 
ferent chemicals to give colored com- 
pounds that are easily recognizable, it 
is possible, for example, to use potas- 
sium ferrocyanide to produce a blue 
color with iron or a brown color with 
nickel. Chemicals are available for the 
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Infra-red heating raises these alu- 
minum frames to 150 deg. C. for shrink- 
age fit with wound stator. Used at the 
Lima, Ohio plant of Westinghouse, the 
conveyor moves frames 30 ft. a min. 


through a tunnel formed by 56 lamps, 
each 375 watts. This method replaces 
the press fit which caused scoring when 
too tight or heavy scrap losses because 
of loose fitting parts. 





individual testing of practically every 
metal commercially used. 

A simple test may be carried out by 
placing a piece of filter paper soaked 
in the desired test chemical, plus a bit 
of some salt solution, between a piece 
of metal used as the negative pole and 
the metal under test, used as the posi- 
tive pole, and applying about 6 volts 
for a few seconds. The filter paper 
should then show the desired color or 
colors. By this means metals and their 
alloys can be identified and platings or 
coatings on metal may be inspected for 
pinholes with no noticeable damage to 
the piece being inspected. 


Lighter Paint 


For Machine Tools 


A NEW AND LIGHTER SHADE of “machine 
tool gray” has been selected by the Na- 
tional Machine Tool Builders’ Associa- 
tion as the future standard finish for 
machine tools. Its adoption came as 
the result of a report to the Association 
proving that both the users and build- 
ers of machine tools preferred the 
lighter color. There is no compulsory 
date of use, however, as each builder 
is allowed to make the change when it 
best suits himself and his customers. 
The new lighter shade will show up 
dirt and fingerprints more easily but 
this factor is outweighed by the much 
desired factor that better light reflec- 


tion will be obtained. One early user 
has reported a 4% increase in the light 
on the working plane. 

The new paint is already available 
from paint manufacturers for spraying 
or brushing. 





Do You Know That— 


FURNITURE DRAWERS are designed for 
most efficient use of space. Dresser 
drawer dimensions are difficult to stand- 
ardize because of variations in the way 
laundries fold shirts. In Chicago, shirts 
are folded to a length of 17% in.; this 
length varies in other regions. (64) 


YELLOW FOG LAMPS are no better at 
piercing fog than the light of an or- 
dinary tungsten lamp, recent experi- 
ments show. (65) 


HUMAN HAIR is the humidity element 
of radiosondes, weather-reporting in- 
struments which are carried up by bal- 
loons to high altitudes. The hair must 
be blonde, must never have been dyed 
or burned by curlers, and it must be 


18 to 22 in. long. (66) 


Rapio is now being used to balance 
automobile crankshafts accurately. The 
radio balancer tunes in the most minute 
vibration and then automatically cor- 
rects it by drilling away a tiny portion 
of metal from exactly the right spot. 

(67) 
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Design of the Kearny is praised by 
Navy officials, who have no record of 
any other destroyer being hit in such 
a vital spot and then proceeding to 
port. The Nazi torpedo opened the 
hull at the boiler room and ranged up 
through the superstructure, half sever- 
ing the vessel. The Kearny is one of a 
series built several years back, whose 
c.g. was erroneously placed so high that 
they listed badly in fast turns. Navy 
was seriously criticised; its department 
of construction and repair was later 
abolished, partly for that reason. But 
the Kearny incident seems to clean the 
slate. 


A mobile machine record unit has 
been developed by the Army. Complete 
records of all officers and men are kept 
on small cards, together with a half 
dozen sorting and classifying machines 
—all in a trailer truck. All pertinent 
facts of each man’s record are punched 
in the cards. If a raiding party cap- 
tures a dozen cooks from a division, 
for example, the cards run through 
at the rate of 400 a minute, and out pop 
the cards of all the men who are qual- 
ified to cook. 


American Rocket Society’s presi- 
dent, H. Franklin Pierce, suggests rock- 
ets as effective anti-aircraft barrage at 
maximum airplane altitudes. These 
would be fired from troughs and would 
save the expense and time of locating 
AA guns. Mr. Pierce, writing in the 
Military Engineer, says that his ob- 
jective can be realized through. sub- 
stantial research. Army officials, ques- 
tioned as to their interest, had no com- 
ment, but it can be assumed they are 
investigating. Also being studied is the 
proposition of un-manned, radio-guided 
torpedo planes. 


Every time the British meet the 
Italians at sea they keel-haul them so 
badly that rumors now say the Royal 
Navy has a secret weapon. This would 
be the radio locator, now in wide use 
in England against invading air forces. 
This device, you may recall, makes use 
of the micro-wave band of the radio 
spectrum. Waves in this band are short, 
approaching those of visible light 
which can be focused and reflected. 
The locator, sweeping the sea or sky, 
gets back a reflection from whatever 
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object it encounters within its range. 
Technicians here have no comment, ex- 
cept that radio detection at sea might 
be possible. British officers, talking off 
the record in Washington, have said to 
this writer that their only problem con- 
cerning the Italians aloft or afloat, has 
been to find them. 


Buck Rogers engineering succeeds 


so often, under the impact of war, that 
one must risk being linked with screw- 
box theory to make sure of not missing 
something important. For instance the 
Navy, in a solemn report not long ago, 
recommended against torpedo boat- 
carrying ships for several reasons— 
among them that such boats would not 
be practical in the rough water of open 
sea. Now, the experts are saying that 
high waves are just the thing for the 
suicide boys to hide behind. 


They laughed, in austere aviation 
circles, when the “rocket”? impulse 
motor was urged for immediate war 
use. In fact this writer was shushed by 
a high-octane editor for wasting verbi- 
age on the subject. Now, one of the 
Government's big military laboratories 
is burning the midnight kilowatts to 
get a rocket job aloft quick. 


Another example is the all-wing 
plane, extensively developed 20 years 
ago and kept on the shelf most of the 
time since then. John Northrop, who 
did the job in 1923 and now is back on 
it again, says that in the interim small 
opportunity was afforded him to forge 
ahead. Now his one-man flying mockup 
has been up 300 hours, performs well 
and he is estimating that the all-wing 
principle will improve all around air- 
plane performance by 25 percent and 
cut manufacturing costs by about 50 
percent. If he is right, the dreamers 
and the realists have both been asleep. 


Northrop's all wing plane is about 
the size of a current pursuit job; is all 
wing except for the two pusher engine 
nacelles, and retracts its three landing 
wheels. 

The air-cooled 80 h.p. in-line Frank- 
lin engines are buried in the wing, 
cooled by air from vents in the leading 
edge, and are coupled by shafts to the 
propellers well back of the trailing 
edge. Almost all of the machine is lift- 


ing airfoil, whereas the fuselage and 
empennage of the conventional plane 
is non-ifting (except that the hori. 
zontal fin lifts the tail) and the entire 
weight and drag is parasitic, if Mr, 
Northrop is right. 


Elimination of all but wings save: 
weight, saves drag, saves materials and 
costs, and adds to speed. The addi. 
tional speed actually will show up as a 
given speed with less power, or operat- 
ing economy. The known critical veloc. 
ity of airfoils will apply to the all-wing 
principle as well as to conventional 
planes. That is one limitation. Another 
is that pilots have about reached their 
endurance limit in turns and in dive 
recoveries. But in the case of transport 
operators, the limiting factor is econ. 
omy, and Northrop's possibilities have 
exceptional interest to them. 


Northrop's figures show that the 
minimum dimensions of an all-wing 
plane, to get appreciable all-wing ай. 
vantages, should be not much less than 
those of a medium bomber. There are 
important aerodynamic considerations, 
but one reason for this minimum is that 
he needs a wing thickness of six feet 
or so for people to stand up in. (An 
all-wing plane must carry all of its 
cargo in its wings, of course.) In really 
big all-wing ships, of the Army B-19 
and Navy XPB-2M-1 caliber, the wing 
would accommodate not just one deck, 
but two. 


And now tank destroyers. The 
Army has announced a Tank Destroyer 
Tactical and Firing Center, to carry on 
experiments in destruction of armored 
forces. Army has only one anti-tank 
battalion as yet. This unit has 54 de- 
stroyers, of two types. One is a half- 
track (track-layer at rear and wheels 
in front) vehicle, mounting a 75mm 
gun, which can stop anything that can 
move on land. It carries a crew of four, 
and two-way radio equipment. The 
other is a wheeled carriage mounting 
one or more 37mm shell guns. A 3 
is bad news for light tanks but medium: 
often get away from it. The French 75. 
or the U. S. three-inch field piece will 
stop any tank, but they must halt and 
unlimber for action. A tank destroyer is 
simply artillery on wheels which can 
shoot on the run. 
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ew Materials and Parts 


Floating Plate Clutch 


This multiple-disk clutch is said to 
have several special features. It may be 
assembled or disassembled manually, 
can be adjusted for wear manually, and 
its engagement is controlled by light 





pressure. Known as the “Maxitorq” 
clutch, it is so built that a separator 
spring holds apart each pair of inner 
disks when the clutch is disengaged. 
Such Floating Plate construction re- 
duces to a minimum any drag, abra- 
sion or heating encountered while dis- 
engaged. The clutches are available 
with all disks of hardened steel for use 
with lubrication, or with alternate disks 
of steel and self-lubricating bronze. 
Clutches come in single or double type 
and in sizes varying from 1% hp. to 3 
hp. at 100 r.p.m. Carlyle-Johnson Ma- 
chine Co., Manchester, Conn. 


Anchor Type Stop Nuts 


Designed to provide vibration-proof 
fastenings for removable plates used to 
cover hand holes, access and inspection 
openings, and for other blind mounting 
attachments, anchor type Elastic Stop 
Nuts are permanently riveted to the 
inside of the structure. The bolts, which 
are inserted from the outside, pass first 
through the removable plate, thence 
through the structure into the station- 
ary nuts. The fiber locking collar, 
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which is an integral part of each nut, 
prevents the bolt from becoming loose 
after it is .installed regardless of the 
severity of the vibration to which it is 
subjected. The bolts may be removed 
and replaced many times, the anchor 
nuts retaining their locking ability be- 
cause of the resilience of the fiber col- 
lar. These nuts are offered in a wide 
range of sizes, materials and thread sys- 
tems. Elastic Stop Nut Corp., 2332 
Vauxhall Rd., Union, N. J. 


Sum-Up Slide Rule 


Claimed to be a great time saver in 
making and checking calculations for 
mechanical drives, laying out machine 
shop jobs, making patterns, and for 
many types of work that require con- 
verting millimeters to inches and inches 
to millimeters, this new Sum-Up slide 
rule adds, subtracts, and converts frac- 
tions of an inch, decimals of an inch 
and millimeters. The rule is made of 


celluloid, is easy to learn to operate, 
and has sufficient accuracy for most 
practical problems of adding, subtract- 
ing or converting. Sum-Up Slide Rule 
Co., 114 Liberty St, New York, N. Y. 





Wood Fiber 
for Industrial Use 


Wood fibers which have been avail- 
able basically as insulation material in 
the form of blanket, bat and insulating 
fibers are now available for industrial 
purposes. These fibers can now be 
made to rigid specifications as to size, 
quality, chemical content and physical 
appearance. They can also be made of 
varying types of wood or in a multitude 
of combinations. Fibers may be asphalt 
treated, or may be chemically treated so 
as to be fire-resistant or water-proof, or 
may be processed especially in accord- 





ance with manufacturers' requirements. 


Such fibers are available for filters, 
packing pads, plastics and other pur- 
poses as well as ‘for insulation. Wood 
Conversion Co., First National Bank 


Bldg., St. Paul, Minn. 





Air-Driven Mixers 


Two new propeller type mixers, in- 
corporating air-driven motors, are the 
first units of this type offered by the 
manufacturers. The turbine type air 
motor used in these two mixers is espe- 
cially designed for agitator duty and 
features a built-in muffler for quiet 
operation and a low rate of air consump- 
tion. The mixers are built for opera- 
tion at air pressures of from 60 to 120 
lb. with the optimum between 70 and 
90 Ib. Other features include a quickly 
removable shaft for easy cleaning, ad- 
justable shaft length, and sturdy con- 















struction with extra ball-bearing remov- 
ing whip-load from the motor bearing. 
A universal clamp permits mixer to be 
used at any angle in the tank, thereby 
providing intentional vortexing, mild 
swirl, or rapid bottom-to-top turnover. 
A throttle permits varying speeds to 
match each mixing operation. Model 
AR-25 operates at 1750 r.p.m. A 36-in. 
shaft with 3 in. propeller is standard. 
Weight is 25 lb. Model AR-33 operates 
at 400 r.p.m. and comes equipped with 
a standard 36 in. shaft and 7 in. pro- 
peller. Its weight is 29 lb. A full range 
of metals and alloys for shafts and pro- 
pellers permits use in any liquid while, 
for special applications, complete line 
of accessories is available. Mixing 
Equipment Co., 1038 Garson Ave., 
Rochester, N. Y. 


White Tracing Cloth 


Because of its high degree of trans- 
parency and its special processed vel- 
vety surface, the new No. 123 Whitex 
tracing cloth is claimed to give “ink- 
line" density with hard pencil. It is 
tough, durable, and will not discolor 
with age. Its glossy “stay clean” back 
is an added feature and its extra trans- 
parency adds speed to print production. 
Whitex also erases quickly and cleanly 
with art gum and soft erasers, and 
erasures do not show on the blueprint. 
Detail does not smudge or rub off. 
Whitex takes colored pencils sharply 
and cleanly. Frederick Post Co., Box 
803, Chicago, Ill. 


Miniature Bearings 


Now regularly supplied is this first 
of a pivot bearing series by this manu- 
facturer. This miniature bearing has 
an outer diameter of 5 mm., and a 
width of 2.5 mm. It is made of high- 
carbon chrome bearing steel, hardened 
and highly finished on raceway and ex- 
terior surfaces. Depending on speed, 
thrust load ratings run up to 1.5 Ib. and 
radial ratings up to 0.6 lb. Pivots can 
be supplied if necessary. Miniature 
Precision Bearings, Keene, N. H. 





Lever Switch 


This new Series 4101 Lever Switch 
is constructed to meet the need for a 
heavy-duty, multiple contact, positive 
action, lever type switch. It is available 
in an almost unlimited series of com- 
binations of contact assemblies and can 
be had with either locking or non-lock- 
ing action. Contact assemblies are lim- 
ited to 36 springs per switch. Contacts 
are riveted to nickel plated phosphor 
bronze springs, and ample wiping action 
assures clean contact surfaces. Standard 





contacts are of s in. dia. silver and are 
rated at 10 amp. at 110 volts, a.c. Extra 
heavy contacts of 20 amp. capacity can 
also be had. Donald P. Mossman, Inc., 
6021 N. Northwest Highway, Chicago, 
Ill. 


V ariable-S peed 


Transmission 


The JFS-CUB, a new variable-speed 
control, is especialy designed for all 
“A” section V-belt applications and for 
speed ranges up to 3.3 to 1. Smooth 
sided pulleys are used rather than the 
interlocking type. Among the advan- 
tages claimed are: positive belt align- 
ment which makes possible the mount- 
ing of the CUB in any position without 
impairing function, machined and bal- 












anced cast iron construction, forced 
lubrication of the special bronze pulley 
bearings and free-end pulley spindie to 
permit easy installation of belts. This 
drive is designed to transmit full ca. 
pacity of “A” section V-belts, and can 
be used on all machines now using that 
size. Standard Transmission Equipment 


Co.. 416 W. 8th St., Los Angeles, Calif. 


Assembly Clips 


For rapid and vibration-proof assem- 
bly of cables, wires, rods, conduits or 
tubes, these new Speed Clips have now 
been made available. They eliminate 
any need for nuts and bolts, washers, 
special brackets or clamps, allowing the 
entire assembly to be made from one 
side. No tools are necessary for in- 
stallation. The clips can be inserted 
into round holes and snapped into place 
by finger. Then the cable is in turn 





snapped into the spring arms. Speed 
Clips of this type are also available 
with rubber or Neoprene coating on the 
upper arm to protect tubing or wire. 
Brought out as an aid to speedy pro- 
duction and reduced assembly costs, 
they can be had for cable diameters of 
1% to 34 in. and for sheet thicknesses of 
from 0.050 in. to 0.119 in. Tinnerman 
Products, Inc., Cleveland, Ohio. 


Portable Coolant Pump 


Outstanding features of this coolant 
pump system are its portability, easy 
control of coolant flow by twist of a 
wing nut, capacity to withstand con- 
tinuous operation, ease of replacement 
of all wearing parts, ability to handle 
coolants of all but extreme viscosities, 
and an easily cleaned strainer. The 
pump comes with all necessary fittings 
to attach it to the mavhine tool, plug 
into the electric line and put it into 
operation. It is particularly recom- 
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mended for drill presses, lathes, small 
mills, grinders and similar machines. 
For machines not already equipped for 
use of coolant, standard accessories are 
available. Gray-Mills Co., Inc., 215 W. 
Ontario St., Chicago, Ill. 


Synthetic Rubber Hose 


Another successful application of 
Ameripol, the new synthetic rubber, is 
its use in this new type hose for all 
standard paint and lacquer spraying 
equipment. The new hose replaces the 
lacquer hose and paint spray hose previ- 
ously manufactured by this company. 
It is made of a black, oil-resistant com- 
pound with a maximum working pres- 
sure of 150 Ib. in all sizes. It may safely 
be used as air hose. The new hose 
comes in 14 in. to 1⁄ in. I.D. The B. F. 
Goodrich Co., Akron, Ohio. 


Relay 


Of small size and low weight, the 
new Type “J” relay is of rugged con- 
struction. Suitable for use at high alti- 
tudes, it is designed to withstand air- 
craft vibration, high acceleration, and 
will operate satisfactorily under condi- 
tions of high humidity. Contact points 
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are self-cleaning due to wiping action. 
Coils are designed for operation on 
direct current, and are particularly suit- 
able for aircraft voltages. Overall di- 
mensions of this relay are: 1% in. 
high, lfs in. long, and 15% in. wide. 


G-M Laboratories, Inc., Chicago, Ill. 


Simplified Lubricator 


This new type sight-feed lubricator 
for air-driven equipment operates suc- 
cessfully regardless of its position in 
the line. Because the new type lubri- 
cator has no baffle, it can be turned to 
any position convenient for visibility. 





Another feature of the new positive- 
action Roto sight-feed lubricator is that 
it requires only a single regulating valve 
instead of the three separate valves used 
on previous types. Oil is added by re- 
moving a simple screw plug at the top 
of the lubricator. These units are in- 
tended for installation in an ordinary 
tee in the air line. They are made in 
45 pint and quart sizes, and can be 
regulated to drop as few as 5 drops of 
oil per min. The Roto Co., 145 Sussex 


Ave., Newark, N. J. 


Tool Vise 


Designed for grinding chip-breaker 
grooves into the tips of carbide tools, 
this any-angle tool vise has now been 
placed on the market as a separate 
unit. This new vise is constructed on a 
double-cradle principle, permitting ad- 
justment of grinding angles on three 
separate planes. Two closely machined 
steel blocks, rounded on the bottom, 
are cradled into each other at right 
angles. After adjustment, they are 
locked together by tightening cam locks 
operating in machined segments at ends 
of the respective blocks. Mounted atop 








these two blocks is a flat circular piece 
which swivels 90 deg. from center of 
any of the four sides of the block imme- 
diately below. This piece carries the 
vise jaws, holding tools firmly by means 
of Allen screws. The closely fitting steel 
blocks permit no vibration or deflection, 
thereby assuring maximum accuracy of 
the grinding angle selected. Each block 
is clearly marked up to 15 deg. either 
way from horizontal and this adjust- 
ment, combined with 360 deg. selectivity 
of the circular piece at the top, pro- 
vides almost any angle desired. Ham- 
mond Machinery Builders, Inc., 1624 
Douglas Ave., Kalamazoo, Mich. 


Timing Relay 


The Duraflex timer is designed to 
meet the requirements of control in- 
struments for industrial processes and 


machines. It contains a self-starting 
synchronous motor and employs a 


toothed clutch to prevent errors due to 
slippage. Time settings remain fixed 
for repeated time intervals until the 
time set knob is turned to a new set- 
ting. Errors are held to less than 1 
percent of the time scale. Two scales 
are available; a 2 min. and a 20 min. 
scale. The silver contacts open with a 
snap action and are rated at 1,000 watts 
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non-inductive load. The timer is nor- 
mally furnished with a pressed steel 
cabinet for surface mounting but can 
be had with flanged cabinet or without 


cabinet for special mountings. Eagle 
Signal Corp., Moline, Ill. 


Diesel Engine Pyrometers 


Just announced is this new line of 
diesel engine pyrometers which are es- 
pecially designed for all types of naval 
craft. These pyrometers are equipped 
with high resistance  millivoltmeter 
movements having automatic cold-end 
compensators. They are highly damped 
to withstand excessive vibration. The 
instruments are housed in welded steel, 
drip-proof cases. The thermocouple 
switches are of the rotary type with 
double contacts made of laminated phos- 
phor bronze and are intended to take 
care of the various diesel engine re- 
quirements. All parts are designed to 
meet the latest naval specifications. The 
Bristol Co., Waterbury, Conn. 





Armored Rheostat 


To withstand exceptionally hard us- 
age, particularly where the unit is ex- 
posed, this armored type of power rheo- 
stat has become standard equipment in 
several types of fighting aircraft. It is 
mounted in a perforated metal housing 
and flat lug terminals are brought out 





at the rear of the casing. A %¢-in. 
bushing and nut provide a one-hole 
mounting. An insulated metal core is 
employed to support the winding which 
is embedded in a special inorganic 
cement. Maximum heat dissipation is 
obtained even when a portion of the 
winding is cut in. Even at one-third 
total resistance, the unit dissipates a 
full 25 watts. Units are available in 
standard resistance values of 1 to 5,000 
ohms, and other values on special or- 
der. Clarostat Mfg. Co., 285-7 N. 6th 
St, Brooklyn, N. Y. 


Flexible Coupling 


Joining the rest of the *Torflex" line, 
the new Type D flexible coupling is not 
only capable of transmitting torque and 
compensating for misalignment but 





can serve as a connecting medium for 
oil lubricating lines as well. No special 
shaft preparation is needed, and the 
couplings can be used as replacements 
irrespective of the previous preparation 
of the shafting. Any size between 14 in. 
and f in. can be handled. Grooving 
the drive shaft to a depth of ve in. is 
all the preparation required. The coup- 
lings can be preassembled or can be 
put together on the shaft. Torque ca- 
pacities range up to approximately 45 
lb.-in. at recommended usages. Harris 
Products Co., 5428 Commonwealth Ave., 
Detroit, Mich. 


Blind Spots 


One of the most recent cures for blind 
spots in airplane riveting is this self- 
plugging rivet which has a mandrel 
with an expanded section and head on 
the blind side. This expanded section 
is pulled into the hollow member, ex- 
pands the shank, and forms a tulip 
head in the back. This operation can be 
performed with either a hand-operated 
or automatic gun of which several de- 
signs are available. The outside end 
breaks off during the application and 
can be trimmed flush with ordinary 
nippers. When a pull of 300 to 900 1b., 
depending on rivet size, has been exerted 
on the mandrel, it creates a clinching 
action, holding the sheet securely to- 
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gether, It also expands the shank of the 
rivet, Causing a pressure fit of the shank, 
Aircraft factory tests show this type of 
rivet can be applied and trimmed at 
the rate of 540 an hour by one unskilled 
operator. Automatic guns for heading 
the aluminum rivet are also available. 
The Cherry Rivet Co., Los Angeles, 
Calif. 


T-Connector 


The Type NST is a high copper alloy 
multigraphed type T-Connector for tub- 
ing, run and tap. It is slotted between 
bolts to provide independent high pres- 
sure areas of contact. Everdur oval. 





shank bolts are readily installed with 
only one wrench. This connector effec- 
tively combines the function of T-con- 
nector and coupler at a single point. 
It is finished to provide maximum con- 
tact resistance. Available sizes accom- 
modate from %-in. iron pipe size to 
6 in. on either run or tap. Burndy En- 
gineering Co., Inc., 459 E. 133rd St., 
New York, N. Y. 
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Circuit Breaker Switch 


Circuit protection as well as switch- 
ing is offered to the aircraft trade in 
the Class 9300 Circuit Breaker. This 
compact breaker saves space, weight 
and wiring time. It eliminates fuses and 
provides calibrated protection for each 
circuit, all within one sealed housing. 
For make and break the toggle lever is 
moved manually as with an ordinary 
switch. If dangerous overloads are pres- 
ent, the toggle lever snaps to the “off” 
position. To reset the lever is manually 
returned to the “on” position, Sizes 
from 10 to 50 amp. are available in the 
same inclosure, weighing only 2%% oz. 
Square D Co., 6060 Rivard St., Detroit, 
Mich. 





New Resin 


Poly-pale resin, derived from gum or 
wood rosin, is pale in color, free of 
metals and has a lower acid number 
and higher melting point and viscosity 
than any natural rosin. It is produced 
by the polymerization of the unsaturated 
resin acids in rosin. The new material 
seems particularly suited for the prep- 
aration of gloss oils, hardened rosin 
varnishes, ester gum, rosin-modified 
phenolic resin, rosin-modified maleate 
resins, metallic resinates, spirit var- 
nishes and other protective coatings. 
The melting point ranges from 98 to 
103 deg. C. and the acid number from 
152 to 156. Many tests have shown no 
crystallization of this resin, making it 
useful for core oils and printing inks. 
Hercules Powder Co., Wilmington, Del. 


Photocopying Equipment 


This large contact photocopying unit 
is now being used in plants whose large 
increase in drafting work has made it 
necessary. The unit employs a photo- 
copying process involving a horizontal 
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bank of both white and amber lights 
beneath a ground glass on which the 
sensitized paper and matter to be copied 
are held firmly in contact by high 
vacuum, created by a self-contained 
motor driven pump. It accommodates a 
36 by 88 in. single drawing or permits 
multiple printing as shown. Variations 
to suit particular purposes are available 
from the manufacturer. Hunter Electro- 
Copyist, Inc., Syracuse, N. Y. 


Welding Protective Device 


Complete protection against heat or 
excessive current, or both, is provided 
by a new protective control device for 
arc welding machines just announced. 
The protective control device consists of 
two current transformers, (upper de- 
vices in illustration), the primaries of 
which are connected in series with the 
motor leads and the secondaries sup- 
plying power to operate two snap-action 
thermostats (lower device in illustra- 
tion) which are mounted directly on 
the motor lamination. The thermostats, 
therefore, operate by means of heat con- 
duction as well as by current passing 
through them. The thermostats reset 
automatically when the motor returns to 
a safe operating temperature or when 
the current is reduced. The Lincoln 
Electric Co., 12818 Coit Rd., Cleveland, 
Ohio. 





Water Pump Seal 


This new bellows-type seal has only 
two parts: bellows and spring. The 
bellows is made of a synthetic rubber 
compound found to be superior for pro- 
tection against grease, oils, salt water, 
alcohols and anti-freeze. The entire unit 
operates as a driving coupling. The 
seal itself does not touch the shaft; the 
spring holds the contact facings against 
the sealing washer on one end and the 
driving base on the other. Because of 
the seal's ability to flex and compress 
as a unit, pressure variation, misalign- 
ment for thrust, torque or vibration 
caused by an unbalanced impeller are 
accommodated or compensated for auto- 
matically. The serrated faces.are said 
to be responsible for the positive seal- 
ing action. The seal is easily installed, 
both ends are identical. Crane Packing 
Co., 1800 Cuyler Ave., Chicago. Ill. 





Metal Coating Compound 


This new product, marketed under 
the name of AMCO Metallic Coating 
Powder, Brand “K,” is designed to re- 
pair damaged tin coatings. While the 
finished coating has the appearance of 
tin and matches perfectly with the sur- 
rounding hot dipped tin coating, it is 
also completely rust resistant and will 
protect the underlying iron or steel as 
well as hot dipped zinc coating of the 
same thickness. This important prop- 
erty is due to the fact that, when in 
contact with iron or steel in a corrosive 
medium, it is electro-positive and there- 
fore affords protection against rust and 
corrosion. It is intended for use wher- 
ever an original tin coating has been 
damaged, worn, or burned away in a 
welding operation. Because its melting 
point is lower than that of tin, the 
original coating is not melted or dis- 
turbed by the application. Since the fin- 
ished job matches the tin, the com- 
pound may be used wherever appear- 
ance is a factor. American Solder & 
Flux Co., Trenton Ave. & Norris St., 
Philadelphia, Pa. 
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Books and Bulletins 





Mechanical Engineers 


Handbook 


LiowgL S. Manks—Fourth Edition. 
2,274 pages, 442x7 in. Red leatheroid 
flexible covers. Published by the Mc- 
Graw-Hill Book Co., Inc., 330 West 
42nd St., New York, N. Y. Price $7. 


In this new edition is presented the 
more important data that has been com- 
piled covering the technological ad- 
vances made, since the previous edition, 
in the application, theory and classi- 
fication of knowledge in the field of 
mechanical engineering. 

Most of the sections have been re- 
written in order to incorporate new data 
and contemporary engineering points 
of view. Much material that appeared 
in former editions has become or is in 
the process of becoming obsolete; such 
material has been excluded or con- 
densed. Among the new subjects treated 
in the current edition are the theory 
of models, plastic behavior of materials, 
stress concentration, packings, wind 
pressure on structures, sound and noise, 
automatic control of processes, and 
powder metallurgy. 

Fundamental engineering theories, 
experimental and test data, as well as 
records of performance are all presented 
in a manner such that the volume forms 
an authoritative, up-to-date, handy ref- 
erence manual for any practicing engi- 
neer, 


Electrical Reference 
E. S. LivcoLN—1,300 pages, 1,300 


illustrations, 8V5x1l in. Blue cloth- 
board covers. Published by the Elec- 
trical Modernization Bureau 60 E. 42nd 
St., New York, N. Y. Price $15. 


This industrial-commercial reference 
book is indeed an encyclopedic volume 
in that it covers every branch of the 
electrical industry and several asso- 
ciated fields such as electrical shop 
equipment, drives, clutches and gears. 

It is divided into 25 sections, each 


dealing with a separate branch of the 
industry. Each section begins with an 
explanation of the theory or practice 
involved. These explanations are prac- 
tically texts in themselves but additional 
material is included wherever necessary 
to amplify the illustrations and descrip- 
tions of commercial products available. 
These informative examples, con- 
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tributed by many manufacturers, give 
a detailed view of the scope of each 
field and are interspersed with dis- 
cussions of the how and why of their 
use. Graphs, design tables, circuit dia- 
grams and many electrical codes are 
included. In each of the 25 fields cov- 
ered, including wiring, lighting, motors, 
furnaces and instruments, the explana- 
tion is written for the non-specialist in 
the field. 

This volume should prove of con- 
siderable value to the maintenance engi- 
neer and designing engineer alike. Type 
and illustrations are large and clear; 
printing and binding are attractive. 
The book is well indexed. 


Basic Units in Mechanical 
Drawing 


RanpoLPH Р. HoOELSCHER and 
AnrHUR B. Mavs—Volume I; Second 
Edition. 305 pages, 6x9 in. Tan cloth- 
board covers. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York, N. Y. Price $1.60. 


Designed for the instruction of high 
school and technical institute students, 
this textbook is planned to be used in 
the drafting room rather than merely 
in discussion, The book is divided into 
two parts; each part has 17 units of 
study. Each unit in turn is divided into 
(1) purpose, (2) what you should 
know, (3) how to do it, (4) questions 
and (5) problems. 

Elementary topics are set forth in the 
first units of the book, leading up to 
methods of orthographic projection, 
simple machine elements, sectioning, 
and the making of shop drawings. In 
this second edition many new problems 
have been added and new material has 
been added to some of the units. Map 
drawing has also been added. 


Practical Solution of 
Torsional Vibration Problems 


W. KER WILSON — Second Edition, 
Vol. II, 694 pages, 5V5x9Y15 in. Blue 
clothboard covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., 


New York, N. Y. Price $8.50. 
Completing the work started in 


Volume I, this companion volume pre- 
sents further new design data and 





engineering methods for studying vibra- 
tion problems peculiar to high-speed 
engines that are encountered in tle 
marine, electrical, aeronautical and au- 
tomotive fields of design. Of special 
interest to design engineers engaged in 
these fields is the author’s compre- 
hensive treatment of the various ma- 
terials used in the construction of 
transmission systems. In this he includes 
a study of fatigue phenomena with spe- 
cial reference to the influence of dis- 
continuities in causing stress concen- 
trations. 

In addition to a more inclusive an- 
alysis, than was contained in the first 
edition, of the determination of stresses 
caused by torsional vibration at reso- 
nant speeds in high-speed engine sys- 
tems, other important subject matter 
has been brought up-to-date. The text 
which covers vibration measuring in- 
struments has been thoroughly revised 
so that it now contains descriptions of 
the latest types of electrical measuring 
instruments with their theory and cali- 
bration, The subject matter relating to 
the theory of engine damping and the 
various devices used for damping has 
been completely revised. The volume 
now includes a separate chapter devoted 
to the rotating pendulum vibration 
absorber. 

In the appendix is described a method 
for making an harmonic analysis of the 
exciting or damping torque curves of 
torsiograph records. To the bibliography 
has been added a list of British patents 
which relate to torsional vibration. 


Uses and Limitations of Radiant Heat 
For Baking Organic Finishes 


G. KLINKENSTEIN—8 pages, 83x11} in. 
Published by Maas & Waldstein Co., 438 
Riverside Ave., Newark, N. J. Available free. 


Design engineers and practical finishers 
interested in the radiant-heat, or infra-red, 
process of baking organic finishes, will find 
this reprint from Metal Finishing of in- 
terest. The publication discusses conditions 
for the efficient use of radiant heat baking, 
finishes for use with the process, and other 
matters of importance to the finisher. 


Machine Tool Electrical Standards 


12 равеѕ, 81х11 іп. Мітеоггарћей 
sheets. Published by National Machine 
Tool Builders's Association, 10525 Carnegie 
Ave., Cleveland, Ohio. Price $1. 


The electrical standards recently adopted 
by the Association are here presented in 
full. Rules for wiring diagrams for circuits 
and motors receive considerable treatment 
and two full pages are included showing 
standard symbols. Circuit breaker construc- 
tion and clearances are specified as are 
types of motors and conductors. Standards 
for wiring and grounding of machines are 
well covered. 
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HELICAL TENSION SPRING TABLES—II 


PAUL KLAMP 


THE FIRST OF THIS SERIES covered general considerations of 
quick spring method and included tables the use of which 
is described herewith in connection with the main selection 
Table B. The first section of Table B is given here. Similar 
sections will cover springs up to 3 in. O.D. with maximum 
wire diameter of s in. 

Table B is based on stresses that are 20 percent lower, 
according to usual practice, than those used in compression 
spring tables published in PRODUCT ENGINEERING, Aug., 
Sept., Nov. and Dec., 1939. 

The load constant C, given in Table B for every O.D. and 
wire size combination, equals the safe table load P times 
the table ratio R and is the same for three stress groups. 
When P is modified to meet special requirements, C/P gives 
a new ratio to be used in determining spring length, /. 

Table B is based on a torsional modulus of 11,500,000. 
Since hot rolled wire over 1% in. in diameter and stainless 
steel have a lower modulus, their table loads should be re- 
duced 10 percent, but the ratios remain the same. Table B 
is based on close-wound springs, with or without initial 
tension. 

Spring materials, corrosion, tolerances, high temperature 
operation, spring surge and frequency were discussed in 
the previously mentioned articles. 

In the following directions, references are made to Tables 


A, C and D, and Fig. 1 in P.E. November, p. 633-4. 


Directions for Spring Selection 
A. SPRINGS FOR STATIC LOAD 


Given: P and | (see Fig. 1) 

Find: (1) Stress group in Table A, (2) spring O.D., 
d, P and R in Table B, (3) T in Table D, (4) 1, 214 R 
[R + (1 — T)]. and (5) P, — PT. 


B. RECIPROCATING SPRINGS, 
WORKING LENGTH NOT SPECIFIED 


Given: P,, i and S (see Fig. 1) 

Find: (1) P — P, i, (2) D, in Table C, (3) stress group 
in Table A, (4) a spring in Table B while checking mentally 
whether its RD, will yield a satisfactory l., thus finding O.D., 
d, P, and R; (5) T in Table D, (6) 1. =D, R, (7) D=D, 
(1—T), (8) /=1, + D, and (9) P, =T P 


С. RECIPROCATING SPRINGS, 
MAXIMUM WORKING LENGTH SPECIFIED 


A maximum working length equal to or somewhat smaller 
than the given value is derived. By varying the hook. length, 
exact requirements for spring length can be met. 

Given: P, i, | and required P (see Fig. 1) 

Find: (1) D, in Table C and check to see that it is smaller 
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than /. If not, a larger i is required. (2) Approximate R — 
(1 D.) — 1, (3) stress group in Table A, (4) T in Table D, 
(5) D — D, (1— T), (6) required P — P, i, (7) required 
R = (l — D)/D,, (8) a spring in Table B with P the 
same as, or larger than the required load at l, and with R 
the same as, or smaller than required, thus obtaining O.D., 
d, P, and R, (9) actual /, — table R x D,, (10) actual / — 
actual /, + D, and (11) P,— T P. 


D. SPRINGS WITH A DEFINITE SCALE 
IN LB. PER IN. DEFLECTION 


If the load must be adjustable all the way down to zero, 
do not use any initial tension (T — O). 

Given: Required P and scale in lb. per in. deflection. 

Find: (1) D, — required P/scale, (2) stress group in 
Table A, (3) a spring of equal or somewhat larger load than 
the required P, then its O.D., d, and C, (4) I, — C/scale, 
(5) T in ТаЫе Р, (6) р = р, (1—Т); (7) 1=1, +, 
and (8) P, — T x required P. 


EXAMPLE 1 


Select a tension spring for slow reciprocating motion, with 
li4 inches stroke, 15 pounds load at the minimum working 
length and a load increase factor of 1.667. According to 
directions B, the load at the max. W.L. —15 x 1.667 — 25 
lb., while the theoretical deflection is found from Table C, 
equalling 314 in. Using music wire, the stress group, accord- 
ing to Table A, is high. From Table B, a spring of !5 in. 
O.D., .080 in. wire dia. 26.7 lb. ioad and 2.39 ratio is 
selected. As shown on Table D, the initial tension factor 
should not exceed 0.21, so we may use T — 0.18. The free 
length = 34g x 2.39 = 7% in. and the total deflection 
= 3% x (1 — 0.18) = 2% in. This will make the max. 
W.L. = 7% + 2% = 10% in., while the initial tension = 
0.18 x 26.7 — 4.8 pounds. 


EXAMPLE 2 


Select a tension spring of pretempered carbon steel wire. 
with a scale or rate of 50 Ib. per in. deflection and a max. 
load of 125 lb., without initial tension. According to direc- 
tions D, the theoretical deflection is equal to 125/50 — 215 
in. The load is to be applied infrequently and gradually 
and, therefore, according to Table A, the high stress group 
should be used. From Table B, we select a spring of 154 in. 
O.D., 0.207 in. wire diameter and a load constant of 192. 
The free length — 192/50 — 3.84 in. or 3 27/32 in. Since 
the spring is wound without initial tension, the factor T = О, 
and the total deflection is equal to the theoretical deflection 
= 215 іп. This will make the maximum working length 
3 27/32 in. + 2% in. = 6 11/32 in. Free length and maxi- 
mum W.L. may be rounded off to 37$ in. and 634 in. respec- 
tively, without appreciable change of the load scale. 





689 





m—— 





Tension Springs—Table B 








Low Stress Group Medium Stress Group High Stress Group 





Spring | 
ÔD. 


















































Wire Load 
, Dia. Constant Рей. Рей. Рей. 
ш. їп. Spring Per Safe Spring Per Safe Spring Per 
Ratio Coil Load Ratio Coil Load Ratio Coil 
R f in. P Ib. R f in. P Ib. R f in. 
0.014 0.148 0.554 0.0253 0.334 0.443 0.0316 0.401 | 0.369 0.0379 
0.0162 0.319 0.775 0.0209 0.515 0.620 0.0261 0.618 | 0.517 0.0311 
0.0181 0.574 1.01 0.0180 0.713 0.805 0.0225 0.856 | 0.671 0.0270 
0.0204 1.09 1.34 0.0152 1.02 1.07 0.0190 21.22 0.894 0.0228 
3/16 0.023 2.07 1.80 0.0128 1.44 1.44 0.0160 1.18 | 1.20 0.0192 
0.0258 3.89 2.41 0.0107 2.02 1.93 0.0134 2.42 1.61 0.0161 
0.0286 6.85 3.15 0.0091 2.718 2.92 0.0113 3.26 2.10 0.0136 
0.03175 12.3 4.17 0.0076 3.68 3.34 0.0095 4.41 | 2.78 0.0114 
0.0348 20.6 5.39 0.0065 4.78 1.31 0.0081 9.19 | 3.60 0.0097 
0.0162 0.125 a 0.402 0.0403 0.390 | 0.322 0.0503 0.468 0.268 0.0604 
0.0181 0.224 0.434 0.517 0.0350 0.542 | 0.413 0.438 0.650 0.344 0.0526 
0.0204 0.120 0.618 0.678 0.0301 0.773 0.543 0.376 0.927 0.453 0.0450 
0.023 0.791 0.881 0.898 0.0256 1.10 0.719 0.320 Ж. 0.599 0.0384 
1/4 0.0258 1.46 1.24 1.18 0.0219 1.54 0.945 0.273 1.85 0.787 0.0328 
0.0286 2.59 1.9] 0.0189 2.09 1.21 0.236 2.01 1.01 0.0283 
0.03175 4.46 1.96 0.0162 2.84 1.94 0.202 3.41 Si 0.0242 
0.348 7.39 2.49 0.0140 3.71 1.99 0.175 1.45 1.66 0.0210 
0.041 18.2 3.83 0.0107 5.96 3.06 0.134 17.45 2.99 0.0161 
| 0.0204 0.204 0.409 0.0499 0.623 0.327 0.0624 0.748 0.273 0.0748 
0.023 0.382 0.536 0.0129 0.890 0.429 0.0536 1.07 0.357 0.0644 
0.0258 0.697 0.697 0.0370 1.25 0.558 0.0468 1.50 0.465 0.0555 
0.0286 1.20 0.888 0.0322 1.69 0.710 0.0403 2.03 0.591 0.0484 
5/16 0.03175 2.10 1.14 0.0279 2.3) 0.909 0.0349 2.11 0.758 0.0419 
0.0348 3.44 1.42 0.0245 3.02 1.14 0.0307 3.62 0.916 0.0368 
0.041 8.33 2.14 0.0192 4.88 1.71 0.0240 5.85 1.42 0.0288 
0.0475 18.7 3.13 0.0152 7.48 2.50 0.0190 8.98 2.08 0.0228 
0.054 38.3 4.43 0.0122 10.8 3.53 0.0153 13.0 2.95 0.0183 
0.023 0.212 0.356 0.0647 0.746 0.284 0.0809 0.895 0.237 0.0970 
0.0258 0.386 0.160 0.0561 1.05 0.368 0.0701 1.26 0.307 0.0812 
0.0286 0.662 0.581 0.0492 1.42 0.465 0.0615 Ni 0.387 0.0738 
0.03175 1.15 0.739 0.0430 1.94 0.591 0.0537 2.83 0.493 0.0614 
3/8 0.0348 1.86 0.914 0.0381 2.39 0.731 0.0476 3.06 0.588 0.0592 
0.041 1.47 1.36 0.0302 4.12 1.09 0.0378 1.94. 0.904 0.0453 
0.0475 9 89 1.95 0.0243 6.34 1.56 0.0304 1.61 1.30 0.0365 
0.054 19.9 2.11 0.0199 9.21 2.17 0.0249 11.0 1.81 0.0299 
0.625 11.8 1.00 0.0156 14.0 3.20 0.0195 16.8 2.61 0.0234 
0.072 99 9 5.95 0.0121 21.0 1.76 0.0151 25.2 3.96 0.0182 
0.0286 0.402 0.410 0.0698 1.23 0.328 0.0872 1.47 0.273 0.105 
0.03175 0.695 0.519 0.0611 1.67 0.415 0.0764 2.01 0.346 0.0917 
0.0348 1.12 0.640 0.0544 2.19 0.512 0, 0680 2.63 0.427 0.0815 
0.41 2.61 0.938 0.0437 3.56 0.750 0.0547 1.27 0.625 0.0656 
0.0475 5.86 1.33 0.0356 5.49 1.07 0.0445 6.59 0.889 0.0534 
1/16 0.054 11.1 1.83 0.0295 8.00 1.46 0.0369 9.59 1.22 0.0443 
0.0625 26.0 2.66 0.0235 12.2 2.12 0.0294 14.7 1.77 0.0353 
0.072 56.9 3.86 0.0186 18.4 3.09 0.0233 22.1 2.94 0.0280 
0.080 103 ў S. EF 0.0155 24.9 4.14 0.0193 29.9 3.45 0.0232 
0.03175 0.452 1.18 0.385 0.0826 1.47 0.308 0.103 1.76 0.256 0.124 
0.0348 0.728 1.54 0.472 0.0737 1.93 0.378 0.0921 2.8 0.315 0.111 
0.041 1.72 2.91 0.687 0.0597 3.19 0.550 0.0746 3.16 0.458 0.0895 
0.0475 3. 19 3.87 0.969 0.0490 1.84 0.775 0.0613 5.81 0.646 0.0736 
0.054 1.42 5.65 1.31 0.0411 7.06 1.05 0.0513 8.48 0.877 0.0615 
1/2 0.0625 16.4 8.67 1.89 0.0331 10.8 1.51 0.0414 ' 13.0 1.26 0.0497 
0.072 35.5 13.1 2.21 0.0266 16.4 2.37 0.0332 19.6 1.81 0.0399 
0.080 63.1 17.8 3.58 0.0224 22.2 2.86 0.0279 26.1 2.39 0.0335 
0.0915 135 26.1 5.18 0.0177 32.6 1.14 0.0221 39.2 3.45 0.0265 
3/32 155 28.0 5.55 | 0.0169 35.0 1.44 0.0211 12.0 3.70 0.0253 
0.348 0.499 1.38 0.363 0.0959 1.72 0.290 0.120 2.06 0.242 | 0.144 
0.041 1.17 2.24 0.524 0.0782 2.80 0.419 0.0978 3.36 0.349 | 0.117 
0.0475 2.54 3.46 0.735 | 0.0646 4.33 0.588 0.0808 5.19 0.490 | 0.0970 
0.054 5.02 5.06 0.992 0.0544 6.32 0.794 0.0680 1.59 0.662 | 0.0816 
9/16 0.0625 11.0 7.77 1.41 0.0443 9.72 1.13 0.0554 11.7 0.941 | 0.0665 
0.072 23.6 11.8 2.00 | .0.0359 14.7 1.60 0.0449 17.6 1.34 0.0539 
0.080 12.0 16.0 э 0.0305 20.0 2.10 0.0381 24.0 1.75 0.0158 
0.0915 88.3 23.6 3.74 0.0244 29.5 3.00 0.0305 35.3 2.50 0.0367 
3/32 101 25.3 4.00 0.0234 31.6 3.20 0.0293 31.9 2.61 0.0352 
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Sprin Wire Load 
^) І P Dia. Constant Рей. Рей. "Рей. 
іп. іп. c Safe Spring Per Safe Spring Per Safe | Spring | Per 
Load Ratio Coil Load Ratio Coil Load | Ratio Coil 
P lb. R f in. P lb. R Im | Ph R f in. 
0.041 0.836 2.02 0.413 0.0992 2.59 0.331 0.124 3.03 0.276 | 0.149 
0.0475 1.80 3.13 0.576 0.0824 3.90 0.461 0.103 4.68 0.384 | 0.124 
0.054 3.95 4.58 0.775 0.0697 5.72 0.620 0.0871 6.86 0.516 0.105 
0.0625 7.70 7.04 1.09 0.0572 8.80 0.875 0.0714 10.6 0.729 0.0858 
0.072 16.4 10.7 1.54 0.0467 13.3 1.29 0.0584 16.0 1.03 0.0701 
5/8 0.080 29.1 14.5 2.00 0.0399 18.2 1.60 0.0499 21.8 1.34 0.0599 
0.0915 60.7 21.5 2.83 0.0324 26.8 2.26 0.0405 32.2 1.89 0.0485 
3/32 69.4 23.0 3.02 0.0311 28.8 2.41 0.0389 34.5 2.01 0.0466 
0.1055 134 29.7 4.51 0.0234 36.4 3.68 0.0287 43.7 3.07 0.0344 
0.1205 284 43.3 6.56 0.0184 53.2 5.35 0.0225 63.8 4.45 0.0271 
1/8 351 18.1 1.30 0.0171 59.0 5.95 0.0210 10.8 4.96 0.0252 
0.041 0.616 1.84 0.334 0.123 2.30 0.267 0.153 2.11 0.223 0.184 
0.0475 1.33 2.85 0.465 0.102 2.97 0.372 0.128 4.28 0.310 0.153 
0.054 2.60 4.18 0.622 0.0869 5.22 0.497 0.109 6.26 0.414 0.130 
0.0625 5.61 6.43 0.873 0.0716 8.04 0.699 0.0894 9.64 0.582 0.107 
0.072 11.9 9.76 1.22 0.0590 12.2 0.978 0.0737 14.6 0.815 0.0884 
0.080 21.0 13.3 1.58 0.0506 16.6 1.26 0.0633 19.9 1.05 0.0759 
11/16 0.0915 43.5 19.7 2.21 0.0414 24.6 1.7 0.0517 29.5 1.47 0.0621 
3/32 49.7 271.1 2.35 0.0398 26.4 1.88 0.0498 24.3 1.57 0.0597 
0.1055 95.4 21.9 3.49 0.0302 323.9 2.85 0.0371 10.2 2.31 0.0445 
0.1205 200 10.0 5.01 0.0241 19.1 1.08 0.0295 58.9 3.410 0.0354 
1/8 246 14.4 5.55 0.0225 54.5 4.52 0.0276 65.4 3.77 0.0332 
0.135 382 55.2 6.92 0.0195 1.8 5.64 0.0239 81.4 4.1 0.0287 
0.0475 1.00 2.62 0.382 0.124 3.28 0.306 0.155 3.94 0.255 0.187 
0.054 1.96 3.84 0.510 0.106 1.80 0.408 0.132 5.1 0.340 0.159 
0.0625 4.22 5.92 0.713 0.0877 1.40 0.570 0.110 8.88 0.475 0.132 
0.072 8.92 8.99 0.992 0.072 11.2 0.794 0.0907 13.5 0.662 0.109 
0.080 15.1 12.3 1.28 0.0626 15.3 1.02 0.0782 18.4 0.852 0.0939 
0.0915 32.3 18.2 1.7 0.0515 22.7 1.42 0. 0644 21.3 1.19 0.0772 
3/4 3/32 36.8 19.5 1.89 0.0497 24.4 1.51 0.0621 29.3 1.26 0.0745 
0.1055 10.2 25.2 2.1 0.0379 31.0 2.27 0.0466 37.2 1.89 0.0558 
0.1205 147 37.1 3.95 0.0305 15.5 3.22 0.0374 54.6 2.69 0.0449 
1/8 180 41.2 4.37 0.0286 50.5 3.56 0.0351 60.6 2.97 0.0422 
0.135 277 51.4 5.39 0.250 63.0 4.40 0.0307 15.6 3.66 0.0369 
0.1483 47 61.0 1.05 0.0210 82.3 5.16 0.0258 98.7 4.1 0.0310 
0.054 1.19 3.91 0.361 0.150 4.13 0.289 0.187 4.96 0.240 0.225 
0.0625 2.55 5.10 0.501 0.125 6.38 0.401 0.156 1.65 0.334 0.187 
0.072 5.36 1.16 0.692 0.104 9.7 0.554 0.130 11.6 0.462 0.156 
0.080 9.38 10.6 0.885 0.0904 13.2 0.708 0.113 15.9 0.590 0.136 
0.0915 19.2 15.7 1.22 0.0751 19.7 0.974 0.0939 23.6 0.812 0.113 
3/32 21.8 16.9 1.29 0.0726 21.1 1.03 0.0907 25.3 0.861 0.109 
0.1055 41.3 21.9 1.88 0.0561 26.9 1.53 0.0688 32.3 1.28 0.0826 
1/8 0.1205 85.0 32.3 2.63 0.0458 39.6 2.15 0.0562 1.6 1.7 0.0674 
1/8 104 35.9 2.90 0.0432 14.1 2.36 0.0530 52.9 1.97 0.0636 
0.135 159 14.9 3.54 0.0381 55.1 2.89 0.0468 66.2 2.40 0.0561 
0.1483 268 58.8 4.57 0.0325 12.2 3.72 0.0399 86.6 3.10 0.0478 
5/32 362 68.5 5.28 0.0296 84.0 4.30 0.0363 101 3.58 0.0436 
0.162 443 15.1 5.85 0.0271 92.9 4.77 0.0339 112 3.98 0.0407 
0.177 733 97.3 y 0.0235 119 6.15 0.0288 143 5.12 0.0345 
0.0625 1.66 4.48 0.371 0.168 5.60 0.297 0.211 6.72 0.247 0.253 
0.072 3.48 6.82 0.510 0.141 8.53 0.408 0.177 10.2 0.340 0.212 
0.080 6.07 9.33 0.650 0.123 iL. 0.520 0.154 14.0 0.433 0.185 
0.0915 12.3 13.9 0.887 0.103 ye 0.709 0.129 20.8 0.591 0.155 
3/32 14.0 14.9 0.939 0.0998 18.6 0.752 0.125 22.3 0.626 0.150 
0.1055 26.2 19.3 1.36 0.0771 23.7 | 0.0954 28.5 0.921 | 0.115 
0.1205 53.7 28.6 1.88 0.0641 | 35.1 1.53 0.0787 42.1 1.28 | 0.0945 
1 1/8 65.5 31.8 2.06 0.0607 | 39.0 1.68 0.0745 46.8 1.40 | 0.0894 
0.135 99.5 39.8 2.50 0.0539 18.8 2.04 0.0662 58.6 1.7 0.0794 
0.1183 167 52.3 3.19 0.0465 64.2 2.60 0.057 11.0 2 0.0685 
5/32 . | 223 60.9 3.61 0.0426 14.1 2.99 0.0523 89.6 2.49 0.0628 
0.162 272 67.5 1.04 0.0401 82.8 3.29 0.0492 99 4 2.14 | 0.0591 
0.177 118 81.0 5.15 0.0344 107 1.19 0.0422 128 3.49 0.0507 
3/16 622 103 6.06 0.0310 126 1.94 0.0380 151 1.11 0. 0456 
0.192 713 110 6.18 0.0296 135 5.28 0.0364 162 4.40 0.0436 
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Low Stress Group Medium Stress Group | High Stress Group 
Spring Wire Load /——————————ÁÀÁÀ——ÁÀM 
O.D. Dia. Constant Defl. Defl. | Def! 
in. in. C Safe Spring Per Safe Spring Per Safe Spring Pe: 
Load Ratio Coil Load Ratio | Coil Load Ratio Coil 
P Ib. R f in. Р 1Ь. | R | £ РЬ. | R | f in. 
0.072 2.38 | 6.09 | 0.391 0.184 1.61 0.313 0.230 | 9.14 | 0.261 | 0.276 
0.080 4.13 | 8.33 0.496 0.161 10.4 0.396 0.202 | 12.5 0.330 | 0.212 
0.0915 8.35 12.4 0.674 0.136 15.5 0.539 0.170 | 18.6 0.449 | 0.204 
3/32 9.48 | 13.3 0.713 0.132 16.6 0.570 0.164 20.0 0.475 0.197 
0.1055 Ил | wee 1.03 0.103 21.2 0.836 0.126 | 25.5 0.696 | 0.152 
0.1205 36.1 25.6 1.41 0.0856 | 31.4 1.15 0.105 37.7 0.956 0.126 
1/8 13.9 28.5 1.54 0.0812 | 35.0 1.25 0.0997 | 42.0 1.05 0.120 
0.135 66.3 | 35.7 1.86 0.0726 | 13.8 1.51 0.0891 | 52.6 1.26 0.107 
1 1/8 0.1183 111 | 47.0 2.35 0.0630 57.1 1.92 0.0773 | 69.3 1.60 0.0928 
5/32 147 | 54.8 2.69 | 0.0581 61.2 2.19 0.0713 $0.7 1.83 0.0855 
0.162 180 | 60.7 2.96 | 0.0518 74.5 2.41 0.0672 89.4 2.01 | 0.0807 
0.177 293 | 78.5 3.73 | 0.0474 96.4 3.04 0.0582 | 116 2.53 0.0698 
3/16 104 | 92.6 4.36 | 0.0430 | 114 3.56 0.0527 | 136 2.96 | 0.0633 
0.192 162 | 99.2 4.65 | 0.0413 |- 122 3.79 0.0506 | 146 3.16 0.0608 
0.207 706 123 5.74 | 0.0361 151 4.68 0.0443 | 181 3.90 0.0531 
0.2253 1146 156 7.33 0.0307 | 192 5.97 | 0.0377 | 230 1.98 0.0453 
0.090 2.95 7.52 | 0.391 0.205 9.42 | 0.313 | 0.256 11.3 0.261 | 0.307 
0.0915 5.93 11.2 | 0.539 0.173 14.0 | 0.424 0.216 16.8 0.353 | 0.259 
3/32 6.74 12.0 | 0.560 0.168 15.0 | 0.448 0.209 181 | 0.373 | 0.251 
0.1055 12.5 15.6 0.801 0.132 19.2 0.653 0.162 23.0 0.514 | 0.194 
0.1205 25.3 23.2 1.09 0.110 | 28.4 0.892 0.135 | 34.1 0.743 | 0.162 
1/8 30.8 25.8 1.20 0.105 31.6 0.975 0.128 | 37.9 0.812 | 0.154 
0.135 16.5 32.4 | 1.44 0.0911 39.8 1.17 0.115 17.7 0.975 | 0.139 
0.1483 77.1 12.6 | 1.81 0.0820 52.3 1.47 0.101 62.8 1.23 | 0.121 
11/4 5/32 102 | 49.7 | 2.06 0.0759 61.0 1.68 0.0931 18.2 1.40 0.112 
0.162 125 | 55.2 | 2.26 0.0718 61.8 1.81 0.0882 81.3 1.53 0.106 
1 0.177 202 71.5 | 2.8 0.0626 | 87.8 2.30 0.0768 | 105 1.92 | 0.0922 
3/16 278 84.4 3.29 0.0570 | 104 2.68 0.0699 | 124 | 2.23 0.0839 
0.192 317 90.5 3.50 0.0518 | 111 2.85 0.0673 | 133 | 2.38 0.0807 
0.207 181 112 1.29 0.0183 | 138 3.49 0.0593 | 165 | 2.9] 0.0711 
0.2253 775 143 | 5.43 0.0415 175 1.42 0.0510 | 210 | 3.68 0.0612 
0.257 1212 163 | 1.46 0.0327 195 6.21 0.0392 234 5.18 0.0471 
1/4 1404 175 8.03 0.0311 | 210 6.69 0.0374 | 252 5.58 0.0448 
0.0915 1.36 10.2 0.127 0.214 12.8 0.342 0.268 15.3 0.285 | 0.321 
3/32 1.95 11.0 0.151 0.208 13.7 | 0.361 0.260 16.5 0.301 | 0.312 
0.1055 9.18 14.3 0.613 0.164 17.5 | 0.524 0.201 21.0 0.437 | 0.242 
0.1205 18.5 21.2 0.875 0.138 26.0 0.713 | 0.169 | 31.2 0.594 | 0.203 
1/8 22.5 23.6 0.953 0.131 28.9 0.776 | 0.161 | 34.7 0.647 0.193 
0.135 33.8 | 29.6 1.14 0.118 36.3 0.931 | 0.15 13.6 | 0.776 | 0.174 
0.1483 55.9 39.0 1.43 0.104 17.9 1.17 0.127 | 57.5 | 0.972 | 0.153 
5/32 74.0 | 45.5 | 1.63 0.0961 55.8 .33 | 0.118 67.0 | 1.10 0.142 
13/8 0.162 89.9 | 50.6 1.78 | 0.0911 62.0 1.45 0.112 74.4 1.21 0.134 
0.177 145 | 65.5 2.22 0.0798 80.4 1.81 | 0.0980 96.5 1.51 0.118 
3/16 199 | 77.5 2.51 0.0730 95.1 2.09 | 0.0896 | 114 1.74 | 0.108 
0.192 227 83.0 2.13 0.0701 | 102 2.22 | 0.0864 | 122 1.85 0.104 * 
0.207 343 | 103 3.32 | 0.0623 21 2.11 0.0765 | 152 2.26 | 0.0918 
0.2253 | 549 | 132 1.17 0.0541 | 162 3.10 | 0.0661 | 194 2.83 | 0.0797 
0.2437 854 150 5.69 0.0429 180 4.74 | 0.0514 216 3.95 0.0617 
1/4 986 162 6.11 0.0409 | 194 5.09 | 0.0491 | 233 1.24 0.0590 
0.2625 1301 185 | 1.01 0.0374 | 223 5.85 | 0.0449 | 267 1.87 0.0539 
~m y SS ý d | | & = = 
3/32 3.75 10.1 | 0.371 0.253 12.6 0.297 0.316 15.1 0.247 | 0.379 
0.1055 6.93 13.1 | 0.528 0.200 16.1 0.130 0.245 | 19.3 | 0.358 | 0.295 
0.1205 13.9 19.5 | 0.715 0.169 23.9 0:582 | 0.207 | 28.7 0.185 | 0.248 
1/8 169 | 21.7 0.777 | 0.161 26.6 0.634 | 0.197 | 32.0 0.528 | 0.237 
0.135 2.3 | 21.2 0.930 0.145 33.4 0.758] 0.178 | 10.1 0.631 | 0.214 
0.1183 B7 1 3565 1.16 0.128 14.1 0.946 0.157 | 52.9 0.788 | 0.188 
5/32 55.2 11.9 1.32 0.119 51.4 1.07 | 0.146 | 61.7 0.894 | 0.175 
0.162 67.0 16.6 1.44 | 0.113 57.2 1.17 | 0.138 68.7 0.975 | 0.166 
0.177 108 60.4 1.78 0.0992 14.2 1.45 0.122 89.0 1.21 0.146 
11/2 3/16 147 71.6 2.06 | 0 87.8 1.68 0.112 105 1.40 | 0.134 
0.192 168 76.7 2.19 0.0878 94.1 1.78 0.108 113 1.48 0.129 
0.207 253 95.5 2.65 | 0.0782 | 117 2.16 0.0960 | 111 1.80 | 0.115 
0.2253 103 122 3.30 0.0683 | 150 2.69 0.0838 | 180 2.24 | 0.101 
0.2437 623 139 1.18 0.0515 | 167 3.73 0.0653 | 200 3.11 | 0.0784 
1/4 119 150 1.80 0.0521 180 4.00 0.0625 216 3.33 | 0.0750 
0.2625 945 12 5.49 0.0479 207 4.57 | 0.0574 248 3.81 | 0.0689 
0.283 1448 214 6.78 0.0417 | 256 5.65 | 0.0501 | 307 1.71 | 0.0601 
0.3065 | 2287 267 8.55 | 0.0358 | 321 7.13 0.0430 | 385 5.94 | 0.0516 
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Safe DEFENSE against breakdowns... 


INCREASED STRENGTH AND TOUGHNESS OF 


NICKEL 


ALLOY STEELS 


NEW JERSEY—Compactness, light 
weight, high strength and fatigue 
resistance are life-and-death re- 
quirements for aircraft engine 
parts. Here you see connecting 
rods of Nickel-chromium-molyb- | 
denum steel machined at the 
Paterson, New Jersey, plant of 
WRIGHT AERONAUTICAL Corp. 
Through their uniform response to 
heat treatment and ready machin- 
ability at high hardness, Nickel 
alloy steels simplify production. 



















































ALASKA —Stripping 60 million cubic 
yards of frozen soil from 16 million 
cubic yards of gold bearing gravel is 
the job of this Bucyrus-Monighan elec- 
tric drag line and Bucyrus-ERIE travel- 
ing feeder. Working near Fairbanks, 
Alaska—more than 2,000 miles away 
from replacement parts — embrittle- 
ment and breakage at subzero tem- 
- wa S f? peratures must be avoided. More than 
Ln o A ¢ Ir LIA - > 17 tons of 314% Nickel low carbon 
e XE z Md e, м : JURO mc 9 EP 1 steel forgings were used, chiefly for 
ds up i ФУ < shafting. Three tons of 1.50/2.00% 
j Nickelsteel castings are also employed. 
Gears, pinions and crawler parts are 
heat-treated Nickel-chromium steel. 
The mile long conveyor belt system, 
furnished by the PACIFIC CAR & FOUN- 
DRY Co., depends on speed reducer 
shafts of tough Nickel-chromium- 
molybdenum steel, SAE 4340, 





NEW YORK—Cost records show this 
power-driven INGERSOLL-RAND Impact 
Wrench 6 to 8 times faster and more 
efficient than hand methods for applying 
and removing nuts. The hammers and 
anvils which withstand up to 1100 tor- 
sional impacts per minute are Nickel- 
chromium-molybdenum steel. Nickel 
alloy steel is readily hardened to pre- 
vent battering and stoutly resists wear 
and fatigue, 


THE INTERNATIONAL NICKEL COMPANY, INC. new үовк, v.v 


AVOID BREAKDOWNS and costly de- 
lays by specifying new equipment and 
replacement parts in tough, shock- 
resisting Nickel alloy steels. For prac- 
tical information about recommended 
applications of Nickel alloyed mater- 
ials, please address: 
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5,000,000 POUND LOADS... 


yet these bearing os stand ир! 


ALLOY STEELS 


pocius 


Bearings must take terrific poundings in high-speed rolling 
mills. This 44 in. bearing sleeve safely withstands pressures 
above 5,250,000 Ibs. After years of research and experience, 
the MORGAN CONSTRUCTION CO., has standardized on 
Nickel-molybdenum steel for roll neck bearing sleeves. Nickel 
alloy steel retains its finish and maintains alignment. 


This convention 
exhibit shows how 
Nickel alloy steel 
MORGOIL bearing sleeves are mounted for high speed 
operation in a continuous strip mill. Production econo- 
mies and increased output naturally follow the increased 


abilities of tougher Nickel alloyed materials. 





Diagram showing the ASARCOLOY bush- Confronted by tougher production schedules this year, don’t 


ing (marked 1) which backs up the Nickel get caught with your bearings down. Avoid breakdowns by spec- 
alloy steel bearing sleeve (marked 2). ifying bearings strengthened and toughened by Nickel alloyed 
Asarcoloy is a cadmium Nickel material materials. Helpful, practical advice on efficient bearing metals 
with a very low coefficient of friction. and mountings is available promptly upon your request to: 
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MONEY-SAVING IDEAS 


for EQUIPMENT BUILDERS 


Two periodicals mailed FREE on 





















































Published i Mer N ; | request, cite actual cases 
xen fle hend of Rou. OED Меи | * 
Ф. Е ure of Cost Iron | NICKEL STEEL TOPICS— This twelve page illustra- 






ted, miniature newspaper is published every second 
month and is devoted exclusively to Nickel alloy 
steels. Each issue is packed with illustrated techni- 
cal and news articles dealing with the production, 
treatment and uses of these steels in rolled, forged 
and cast forms, Special features such as a question 
and answer page and pertinent editorials on tech- 
nical subjects involving the uses of Nickel alloy 
steels are included in every issue. 
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Available 

NICKEL CAST IRON NEWS- This publication is a 
12 page, illustrated newspaper-type periodical 
devoted to technical and news articles featuring 
the production of Nickel cast irons. Editorials and 
a question and answer section on these materials 
are special features in each issue. “Nickel Cast 
Iron News” alternates on a monthly basis with 


“Nickel Steel Topics”. 


NICKEL 


AVAILABLE ON REQUEST—More Than 75 Publica- 
tions Covering Various Industrial Fields, Applica- 
tions and Production Procedures. 
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Permanently valuable for reference purposes are a 
large group of publications applying to various 
industrial applications and production procedures 
involving the uses of Nickel alloy steels, Nickel 
cast irons or Nickel containing non-ferrous ma- 
terials. The titles of these publications with a brief 
description of their respective contents are set 
forth in a special catalogue, available on request. 
For your copy, simply return the coupon below. 


nas 






The factual, informative material 
appearing in “Nickel Steel 
Topics” and “Nickel Cast Iron 
News” is of considerable practi- 
cal value as evidenced by the fact 
that over 100,000 engineers, met- 
allurgists and production men 
are now regularly reading these 


I'D LIKE TO KEEP UP WITH THE NEWS 










The International Nickel Company, Inc., 67 Wall St., New York, N. Y. 






Gentlemen: Without cost or obligation, please send me the publications checked: 






Nickel Steel Topics [] Nickel Cast Iron News [] List of Current Publications [] 


















publications. You may read them амь аннан COUR. 
too, at no cost or obligation. PE-3-41 
Simply mail the coupon at right. Address... — — pain — 

City. à а —— State —— 
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Use the power of 


|». impounded facts 
about Nickel alloys 
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Time-proved answers to your questions about 
Nickel alloyed materials are quickly available. 
From information assembled through years of 
research and field studies, The International 
Nickel Company, Inc. compiled and condensed 
essential facts into convenient printed form. 

Now...when minutes and materials have be- 
come so vital...make full use of this experience. 


Send for a check list of helpful printed pieces 





on the selection, treatment, fabrication and use 


of Nickel alloys, or send specific questions to: 
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Use the power of 


impounded facts 
about Nickel alloys 
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Time-proved answers to your questions about 





Nickel alloyed materials are quickly available. 
From information assembled through years of 
research and field studies, The International 
Nickel Company, Inc. compiled and condensed 
essential facts into convenient printed form. 

Now...when minutes and materials have be- 
come so vital...make full use of this experience. 
Send for a check list of helpful printed pieces 
on the selection, treatment, fabrication and use 


of Nickel alloys, or send specific questions to: 
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To assist manufacturers and en- 
gineers in finding practical solu- 
tions to problems involving the selection, treat- 
ment, fabrication and use of alloys containing 
Nickel, The International Nickel Company, Inc. 
have compiled essential facts based on years of 
research and field studies. These facts are con- 
densed into convenient printed form. 

Also available for consultation is a staff of ex- 


perienced engineers—men who have cooperated 


THE INTERNATIONAL NICKEL COMPANY, INC. 


DRAW ON THIS STORE 
OF USER EXPERIENCE 


TO SPEED DEFENSE 





for years with producers and manufacturers—help- 
ing to work out solutions for a wide range of 
metallurgical problems. 

Now—when minutes and materials are so vital 
to defense efforts—make full use of this service. 


Send for a check list of helpful publications, or 
submit your specific problem to: 


NICKEL 





67 WALL STREET 
NEW YORK, N. Y 
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'To assist manufacturers and en- 
gineers in finding practical solu- 
tions to problems involving the selection, treat- 
ment, fabrication and use of alloys containing 
Nickel, The International Nickel Company, Inc. 
have compiled essential facts based on years of 
research and field studies. These facts are con- 
densed into convenient printed form. 

Also available for consultation is a staff of ex- 
perienced engineers— men who have cooperated 
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for years with producers and manufacturers—help- 
ing to work out solutions for a wide range of 
metallurgical problems. 

Now—when minutes and materials are so vital 
to defense efforts—make full use of this service. 
Send for a check list of helpful publications, or 
submit your specific problem to: 
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ON DEPOSIT... 


...a fund of information 


A source of comfort and strength in times of personal emergency ыг 
are the funds put away over the years. To the metal working industries, WE Җ : 
at a time like the present, the fund of information on Nickel Alloys A ll : 
accumulated by our technical staff can also be a source of help and satisfaction. РУ ЖА 
The facts and data thus available are the natural product of wide K 


experience in the solution of problems involving the use of Nickel and its 
alloys. Our helpful literature may well be of real assistance to you 
because it deals with the selection, fabrication and use of these materials. 
You are also offered the assistance of our technical staff in solving 
material problems arising from a temporary lack of Nickel. 

We suggest that you drop us a line asking for a list of available 
literature. Your request for the assistance of our technical staff 
will receive prompt attention. 


NICKEL 


TM 


67 WALL STREET 
s NEW YORK, N.Y. 
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TREASURE CHEST 


of useful information... 


From time to time over a period of years our technical 
staff has unearthed new facts concerning metals. This 
wealth of information has been accumulated out of 
wide experience in the solution of problems involving 
the use of Nickel and its alloys. 


On the basis of this experience much helpful litera- 
ture has been compiled. Dealing with the selection, 
fabrication and use of Nickel alloys it can be of great 
help to the metal working industries at a time like the 
present. 


In addition to printed matter, we are glad to make 
available the assistance of our technical staff in solving 
problems arising from a temporary lack of Nickel. 
Your request for literature or personal consultation 
will receive our prompt attention. 


INC 67 WALL STREET 
„ NEW YORK, N. Y. 
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Experience of Years 


STORED UP 


in Helpful Literature... 


The pressing demands of the defense 
program call for the employment of 
every skill and facility at the disposal 
of the metal working industries. 


Among the resources available is 
the experience of our technical staff 
in the solution of problems involving 


the use of Nickel and its alloys. 


This experience has been distilled 
into helpful literature which deals 
with the selection, fabrication and 
uses of these materials. This printed 


matter is yours for the asking. You 
are also offered the assistance of our 
technical staff in solving problems 
of material arising from the tempo- 


rary lack of Nickel. 


Your inquiries addressed to the 
Company either for literature or 
personal consultation will receive 
prompt attention. 
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Timely information about metals... 
CATALOGUED for your convenience 


Specific answers to many of your questions about the selection, 
fabrication and uses of Nickel alloys are available to you quickly 

















from our files. 

This fund of helpful information we have gathered, checked and 
condensed into convenient printed form. The graphs, charts and 
shop guides are especially useful to men handling new materials or 
performing unfamiliar operations . . . and to new employees. This 
literature is available on request. 

You are also offered the assistance of our technical staff in solving 
material problems arising from a temporary lack of Nickel. These 
engineers are offering timely suggestions to many vital industries 
during the present emergency. 

Why not drop us a card asking for list of available literature. 
Your request for the assistance will receive prompt attention. 
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OA 9" of Nickel alloys are quickly available to 
е K Ёё t 9p you, This helpful information we have gath- 
M. 2 ag E d | ered, checked and condensed into convenient 
p^ printed form. It is useful both to experienced men 


handling new materials or performing unfamiliar opera- 
tions... and to new employees. This literature is available upon 
request. You are also offered the assistance of our technical staff 
in solving material problems arising from a temporary lack of Nickel. 
Our engineers are offering timely suggestions to many vital industries 
during the present emergency. Your request for literature or personal con- 
sultation will receive our prompt attention. 
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What’s Coming— 


“What steel shall I specify for the spring?” 
That is a common question, and a compre- 
hensive answer to it will be found in the 
article “Steel for Springs,” by H. Carlson, chief 
engineer of Lee Spring Company, the first in- 
stallment of which will appear in January. 
Another outstanding article in that number will 
be “Color for Efficiency,” by Arthur A. Brainard 
of Philadelphia Electric Company and Matt 
Denning of DuPont, wherein it will be shown, 
by four color illustrations, how proper color 
in machine tools contributes to the efficiency 
and safety of their operation. “Patent Pro- 
cedure,” by Miles Henninger of Allis Chalmers 
Manufacturing Company will tell the readers 
how to take advantage of the facilities of the 
U. S. Patent Office. This will be the first of a 
series of articles wherein the author clarifies 
Patent Office procedures and explains some of 
the complexities of the procedures of investi- 
gating and getting patents. Other articles will 
include “Photo Tracing,” “Dynamic Balanc- 
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ing,” and an insert on materials. 
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Lester C. Jones—Designing wiring harnesses and electrical assem- 
blies for aircraft to facilitate and speed up production. 
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Helping YOU in your Job 


1941—a year of tremendous responsibilities for the product engineer—adapting 
armament to high production, solving materials shortages, redesigning consumer 


products, planning products for tomorrow’s markets— 


1941—a year in which PRODUCT ENGINEERING extended its efforts to bring 
concise factual information to you in a form that you can put to use immediately. 
See balance sheet above for this year’s editorial features. 


1941—a year in which 295 advertisers used more than 1,440 pages of space to 


bring you down-to-earth information on the selection and application of specific 
products to your designs. 


1941—has brought you over 2,100 pages of factual engineering information for you 
to apply to your problems. And in 1942, PRODUCT ENGINEERING will be more 


helpful than ever to you. 
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Industry’s 
“SMALL ARMS” 


in the 


The spotlight is on the aircraft plants... the 
shipyards .. . the arsenals . . . but there's equal 
pressure on the plants where the small metal 
parts are made . . . small parts both for the ma- 
chines of war and for the purposes of peace. 

Many of these parts are made by Scovill. The 
illustration represents facilities for stamping, 
drawing, forging, assembling, cold heading, 
screw machine products, eyelet machine work, 
and screw products, for Scovill has facilities for 
making in quantity metal parts and products 
to exacting specifications. 

Its engineers... its high-production machin- 
ery... its controls over metals and manufactur- 
ing — permit economical, efficient production 
that counts most in periods like the present... 
and helps to build 
a better future. 
Get a better pic- 


ture of Scovill e 
through reading COVI 
the book "Masters 


of Metal." Address | MANUFACTURING COMPANY 
35 Mill Street, WATERBURY, CONN. 
Waterbury, Conn. 






























Scovill Masters Metals ... To Help Defend the America of Today 
. .. Build the America of Tomorrow 


Brass, Bronze and Nickel Silver Mill Products 
— Condenser Tubes 


Metal Parts and Products Made to Order in Quantity from Brass, Steel, 
and Other Base Metals 


Boston, Providence, New York, Philadelphia, Syracuse, Pittsburgh, Detroit, 
Chicago, Cincinnati, San Francisco, Los Angeles 
IN CANADA: 334 King Street, East, Toronto, Ontario 


December, 1941 
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Welding Society Awards Miller 
And Lincoln Medals 


Presentation of the 1941 Miller Me- 
morial Award and the Lincoln Gold 
Medal for 1940-41 featured the session 
of Oct. 20 of the American Welding So- 
ciety's Annual Meeting at Philadelphia, 
Pa. The Samuel Wylie Miller Memorial 
Medal was awarded to David Arnott, 
vice-president and chief surveyor of the 


American Bureau of Shipping, New 


York City, and second vice-president of 
the American Welding Society. Award 
of the Lincoln Gold Medal was made 
to Robert H. Aborn, member of the staff 
of the Research Laboratory of the 


United States Steel Corp., Kearny, N. J. 
The award of the Miller Medal was 


made for conspicuous contributions to 
the art and science of welding during 
Mr. Arnott’s long service with the 
American Bureau of Shipping which he 
joined in 1918. Mr. Arnott has many 
technical affiliations and has written 


extensively on load lines and the safety 
of life at sea. 


The Lincoln Award, which is pre- 
sented each year for the paper which 
contributes most to the year's develop- 
ment of welding, was made for **Metal- 
lurgical Changes at Welded Joints and 
the Weldability of Steels," published in 
the October, 1940 issue of "The Weld- 


ing Journal." 


A. S. M. E. Will Hold Clinic on 
Conservation of Materials 


At a special feature of its Annual 
Meeting in New York City, the Ameri- 
can Society of Mechanical Engineers, 
on Tuesday, December 2, will hold a 
Clinic on the Conservation and Recla- 
mation of Materials, according to R. 
M. Gates, president of Air Preheater 
Company, who will head the Clinic 
Committee. Mr. Gates said that the 
Clinic would answer questions asked by 
members of the Society and any other 
persons interested in the vital problem 
of saving materials and devising meth- 
ods for salvaging scrap and used arti- 
cles. Questions are being solicited in 
advance by circularizing members of 
the Society. Answers will be prepared 
in advance by a panel of experts. 

The Clinic will be preceded by brief 
papers giving case histories of conserva- 
tion and reclamation programs actually 
in progress in small and large plants. 


1 
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After the subject has been opened up 
by these papers, the panel of experts 
will take over. It will be headed by an 
interlocutor who will put the questions 
to the members of the panel best quali- 
fied by experience to answer them. 
Arrangements are being made to pub- 
lish the questions and answers in the 
Society's Journal. 


D. Robert Yarnall Selected as 
Recipient of Hoover Medal 


Announcement has been made that 
D. Robert Yarnall, mechanical engineer 


of Philadelphia, Pa., has been selected 
as the fifth recipient of the Hoover 


Medal, which will be presented to Mr. 


Yarnall during the Annual Meeting of 
the American Society of Mechanical 
Engineers in New York City, December 
1-5. The medal is accompanied by the 
following citation: 

“D. Robert Yarnall, humanitarian, 
engineer, and a leader in the engineer- 


ing profession, who rendered outstand- 
ing service as a member of a mission 


that fed the children of Germany at 
the end of the World War and that is 
now aiding refugees in this country and 
Europe and providing food and relief 


Meetings 
American Society of Mechanical 
Engineers—Annual Meeting, Hotel 
Astor, New York, N. Y., Dec. 1-5. 


C. E. Davies, secretary, 29 W. 39th 
St., New York, N. Y. 


Chemical Exposition—18th Expo- 
sition of Chemical Industries, Grand 
Central Palace, New York, N. Y., 
Dec. 1-6. Charles F. Roth, manager, 
Grand Central Palace, New York, 
N. X. 

Society of Automotive Engineers 
—Annual Meeting and Engineering 
Display, Book Cadillac Hotel, De- 
troit, Mich., Jan. 12-16, 1942. John 
A. C. Warner, secretary, 29 W. 39th 
St., New York, N. Y. 


American Society of Heating and 
Ventilating Engineers — Annual 
Meeting and 7th International Ex- 
position, Commercial Museum, Phil- 
adelphia, Pa., Jan. 26-30, 1942. 
Charles F. Roth, manager, Grand 
Central Palace, New York, N. Y. 








for the children and mothers of Franc: 
These distinguished public service: 
have earned for him the Hoover Medai 
for 1941." 


Plastics Committee Works 
to Aid Government 


Noting that specifications are playing 
an increasingly important role in the 
industrial application of plastics, the 


Bulletin of the Society of the Plastics 


Industry announces that a technical 
committee is already at work with the 
U. S. Government Federal Specifications 
Committee. The Society, through tech- 


nical committees, will work on technical 


problems. As an example, a Society 
Technical Committee will work with a 
similar technical group, selected from 
the aircraft industry, to discuss the pos- 
sible further applications of plastics in 
aircraft. The potential structural uses 
of plastics will be explored. Permanent 
records will be kept for reference for 
the Plastic Industry and for outsiders 
seeking such data. 


E. C. P. D. Makes Recommenda- 


tions for Engineering Curricula 


At the Ninth Annual Meeting of the 
Engineers! Council for Professional De- 
velopment, held October 30 in New 
York City, the Committee on Engineer- 
ing Schools announced that a total of 
461 engineering curricula at 129 col- 
leges and universities in the continental 
United States have now been accredited 
by it. The committee also recom- 
mended that the short engineering 
courses provided by the Engineering 
Defense Training program should not 
receive credit toward degrees, pointing 
out that this would interfere with the 
primary objective of the courses. At- 
tention was called to the increase in 
engineering schools operated for private 
profit and granting engineers degrees 
under existing state laws. A year's 
study in such schools, in the opinion 
of the committee, is not equivalent to 
a year in an accredited curriculum. The 
committee further noted that the De- 
fense Program has highlighted the lack 
in the United States of facilities for 
technical education of a grade between 
the engineering college and the voca- 
tional school. A new E.C.P.D. guidance 
booklet *Engineering As a Career," is 
expected to be available soon. 
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No. 2 of a series designed 


to help Industry prepare 
Sor the day when “De- 
Sense Production Stops’ 





WHEN DEFENSE PRODUCTION STOPS?" 


“Will my company be ready with new products, 
new equipment, new designs to compete in the 
coming scramble for business?" 


It isn't too soon to think about that, now that 
the defense load is shifting from “design engi- 
neering” to “mass production”. When defense 
production stops, it will stop suddenly. It takes 
time to develop new ideas. 


Though our increased manufac- 
turing facilities are now devoted 
all-out to meeting vital defense 
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CONE-DRIVE DIVISION 





needs, we want to help those companies for 
the future. 


To such companies the facilities of our engineer- 
ing department are wide open: To design the 
necessary Cone-Drive gearing for you, without 
charge or obligation. © 


You will find that Cone-Drive gearing will im- 
prove your designs and cut your costs with its 
greater load carrying capacity, greater compact- 
ness and longer life. 


We will be glad to send you a bulletin on “Why Cone-Drive Gear- 
ing". )CW-41A (For executives); CW-41 (For design engineers). 





MICHIGAN TOOL COMPANY 
7171 E. McNichols * Detroit, U.S. A. 
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Ec 
CHAIN DRIVE 


TO MEET YOUR REQUIREMENTS 





SILENT OR ROLLER - 
LARGE OR SMALL 


Whether your drive requirements 

be silent or roller chain, involving 
fractional or thousands of horse- 
power—there’s a Morse Chain to 
fill your specific needs more effi- 


ciently and economically. Today, 
power for production is precious. 
Inefficient drives waste power, re- 
duce machine production. Insure 
against such “sabotage” by trans- 
mitting power without slip at 
constant (99.4%) efficiency with 


E ШЛЕ Morse Silent and Roller Chain 
{| р, OER EERIE ANE [d Drives. 
| N 212 "242 Morse Silent Chain speed and 


length changes are easily made— 
no need to dismantle machine. 


| NN Morse Roller Chains with solid 

| bs rollers are interchangeable with 
all other standard round pin roller 
chains — available in single and 
multiple widths. 


| € " eee Silent and Roller Chain Drives 
li pitch for fractional h.p. dri 1 graduate up 1 to advantage —consult the Morse 


Learn how you can use Morse 
| 
| man in your territory. 





ITHACA N. Y. DIVISION BORG-WARNER CORP. 
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SIX MORE PLANTS 
IN FIVE STATES 
ON THE WAY 


DEFENSE PLANT CORPORATION OWNS THEM. 
We've been designated to build them . . . fast. 





Actually, when the names went on the dotted lines of 
the contract on August 19, we had already placed more 
than $16,000,000 worth of orders for some of the equipment 


and materials it takes longest to make and get. 


FIVE OF THESE PLANTS will smelt aluminum. Their combined 
capacity is planned for more than 500,000,000 pounds a year, 


which is greater than the nation's entire produc- 


ALUMINUM, 
DEFENSE, 
AND YOU 


tion of aluminum in 1940. Locations: Massena, 


N. Y., Spokane, Wash., Troutdale, Ore., Los 





Angeles, and in the State of Arkansas. 





The sixth plant will refine alumina from bauxite. Its billion- 
pounds-a-year capacity adds 58% to the nation’s alumina 


capacity. It will be located at Bauxite, Arkansas. 


HOW GOES CONSTRUCTION? At this writing, as fast as title 


is secured to the sites, contracts are being let for grading and 


a 


foundations so as to be ready for the structural steel, which 


rel 


is coming as rapidly as it can be gotten. 


€— > 


E 


What is more important, the aluminum plants 


are scheduled to deliver ingot by the summer of 





1942; the refining plant to deliver alumina in 


early summer, 1942. 
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WE'VE ASSIGNED a large staff of men full time to headquarters 
engineering, purchasing, and accounting on this government 


building job. 


We're sending competent and experienced management men 
out on these jobs as superintendents and other staff 
executives on construction, and for subsequent oper- 
ation of such of these plants as we 


are designated to operate. 





EVERY KNOWN IMPROVEMENT in design 
and construction and equipment is being incorporated in 
these plants. We intend that every dollar that will be spent 
shall be the best dollar’s worth that experience can build. 
We do not make one cent of profit from this assigned 


job of construction. 


We think we know how to get the government value-received 
for its money, because we are completing the expenditure 
of more than $200,000,000 of our own 
money in an expansion program which 
started after the beginning of the present 
war. Some of this expenditure is in new 
alumina and aluminum plants which will 
bring our own Alcoa capacity up to more 
than 700,000,000 pounds a year. The re- 


mainder is in tremendous expansion of facili- 





ties for fabricating every form of aluminum. 


DEFENSE, GENTLEMEN, is getting its aluminum. 


ALUMINUM COMPANY OF AMERICA 


December, 1941 














































MULTIPLY THE SERVICE LIFE 


OF VITAL WEARING SURFACES WITH... 






— — 


With replacement parts at a premium, it's more ance. Sprockets, gear teeth, wearing surfaces, 
important than ever to get the longest possible ^ shafts and a multitude of shapes regardless of size, 
service life out of vital wearing surfaces. That's why ^ are quickly and economically hardened for longer 
so many manufacturers are relying on the Airco life this modern Airco way. 

Flame Hardening Process to do just that. For this The facilities of Airco's Applied Engineering De- 
proved process increases the life of wearing parts partment are available to assist Airco customers 
immeasurably by hardening the surface — yet the — get maximum surface wearing life. Write us about 
core retains its original toughness and shock-resist- your individual problems. 


Reduction 


General Offices: 60 EAST 42nd ST., NEW YORK, N. Y. 


^ DISTRICT OFFICES IN PRINCIPAL CITIES 
| м E | IN TEXAS: MAGNOLIA-AIRCO eu PRODUCTS e» 
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for Oilgear Equipped Machines| 





It’s a matter of factual record that machines 
which have been equipped with Oilgear 
Fluid Power meet with exceptional user 
acceptance everywhere. Many machine 
tool manufacturers who have standard- 
' ized on Oilgear Equipment for the past 
10 to 17 years write, that today, more than 
ever before, the Oilgear Systems on their 
machines give them a powerful selling lev- 
erage. Moreover, several manufacturers 
have turned their sidelines into headliners 
by equipping them with Oilgear. 

There are a host of reasons why. From the 
standpoint of the user, Oilgear Fluid Power 
gives the operator faster and more accurate 
control; it gives the machine the extra speed 
and reserves of power needed to carry 
today’s heavy production load; and Oilgear 
minimizes those ‘‘times out’’ for maintenance 
and repair which slice the peaks off pro- 


Rockford Machine Tool Company ''Ну-Отаоій | 
Vertical Slotter. Uses Oilgear Variable Displacem#) 
Pump, Combination Valve and Cylinder. | 


Over 9,000 H.P. (normal Hj 
00 rating) of Oilgear Fluid Pow | 
9 í Units put on Rockford Pia i 


and Slotters. 


Baldwin Southwark 4000 
ton Forming Press. Equipped © 
with Oilgear 100 H.P 
Two-Way Variable Dis 
placement Pumps. 


duction curves. Output and more output 
is the word today, and Oilgear powers up 
machines to give their very maximum. 
Then, from the standpoint of the manu- 
facturer, Oilgear means a power problem 
solved; it means a greater measure of 
dependability and greater protection to the 
manufacturer's and the user's reputation. 
Before you buy Fluid Power Equipment, 
look into Oilgear Fluid Power. Get the 
whole story. With all the facts right at hand, 
you'll see why the swiftly growing prefer- 
ence for Oilgear equipped machines and 
machine tools. Use the coupon below for 
complete details. THE OILGEAR COM- 
PANY, 1311 W. Bruce St., Milwaukee, Wis. 


Feeds + Pumps ¢ Cylinders * Valves * Motors * Transmissions 
Horizontal and Vertical Broaching Machines * Horizontal and 
Vertical Presses * Custom Built Machines 


Over 25,000 H. P. (nor- 
mal H. P. rating) of Oil- 
gear Fluid Power Units 
p on presses of 6 
eading domestic press 
manufacturers. 


17 leading press manvfac- 

turers as well as other smaller 

ones now use Oilgear Fluid 
Power Equipment. 


4,000 


Over 4000 H. P. | 
(normal H. P. | 
rating) of Oil-|] 
gear Fluid Pow-! | 
er Feeds applied 
to Fostermatic 
Lathes. - 


Fostermatic Lathes by Interna- 
fional Machine Tool Corp. have 
been equipped with Oilgear Fluid 
Eg Power Feed Pumps since 1923. 


THE OILGEAR COMPANY, 1311 W. Bruce Street, Milwaukee, Wiscons | 
Please send me a copy of Bulletin 47000 without obligation. 


Name 


OILGEAR 


THE MOST EFFECTIVE APPLICATION OF 


А Address 
fic, ЕТ _City_ 


Company 
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. each with a DIFFERENT PLUS! 





Extra hardness, heat-resistance, non-magnetism, 
free-cutting and other qualities available 


in INCO Nickel Alloys 


INDIVIDUALIZED 


HARACTERI iti 
CHARACTERISTICS Condition 





You doubtless know that Monel combine: 
strength with excellent resistance to corro 
sion. But do you know that newer member. 
of the Inco Nickel Alloy family combine 
varying degrees of strength with other useful 
properties? For example: 

One of these metals is extra hard and non- 
galling; two are free-machining, two heat- 
treatable, one is non-magnetic, one especially 


adapted for high temperature service, while 
several make excellent spring materials for 
use under different conditions. 

Knowing the individual characteristics of 
the Inco Nickel Alloys, will better enable 
you to meet the requirements of defense and 


other contracts. Write for the booklet, 
“Individualized INCO NICKEL ALLOYS.” 
Address: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York, N. Y. 


AVERAGE MECHANICAL PROPERTIES 


Impact 
in 2 in. i Strength 
per cent 


MONEL* 


"R'" MONEL* 


"K" MONEL*. 


"KR" MONEL* 


"S" MONEL* 
NICKEL 


"Z" NICKEL* 


INCONEL* 


GENERAL PURPOSE ALLOY 
Corrosion Resistance, Strength, 
Hardness, Toughness. 
Attractive Silvery White Color. 


FREE CUTTING 
For High Speed Machining. 


EXTRA STRENGTH AND HARDNESS 
comparable to heat treated alloy 
steel. 

Heat Treatable. 

Non-magnetic. 


FREE CUTTING 

Extra Strength and Hardness. 
Heat Treatable. 
Non-magnetic. 


EXTRA HARDNESS 
Non-galling. 


CORROSION RESISTANCE 
Protection for Pure Products. 
Magnetic below 680° Р 
Good Electrical Conductivity. 


EXTRA STRENGTH AND HARDNESS 
Heat Treatable. 

Excellent Spring Properties. 

Good Electrical Conductivity. 
Magnetic. 


HEAT RESISTANCE 
Retains Strength. 

Resists Oxidation. 

High Corrosion Resistance. 


Annealed 
Hot-rolled 
Cold-drawn 


Cold-rolled, hard-temper. . 


Hot-rolled 
Cold-drawn 


{ As-rolled 
| Heat-treated 


Cold-drawn 


Hot-rolled 


( As-rolled 
| Heat-treated 
{ As-drawn 


Hot-rolled 


Cold-drawn 


{ Annealed 
Sand-cast { As-cast 


| Heat-treated .. 


Annealed 
Hot-rolled 
Cold-drawn 


Cold-rolled, hard-temper .. 


Hot-rolled { As-rolled 


Annealed 
Hot-rolled 
Cold-drawn 


Cold-rolled, hard-temper .. 





{ As-drawn ... 
| Heat-treated. 


l Heat-treated . 


) Heat-treated. . 


( As-drawn ... 
Cold-drawn l Heat-treated. 


**MONEL” and other trade-marks which have an asterisk associated with them are trade-marks of The International Nickel Company, Inc. 


INCO NICKEL ALLOYS 


MONEL + “К” MONEL * "S" MONEL * "R" MONEL ° 


^KR" MONEL * INCONEL * NICKEL * "Z" NICKEL 


Sheet... Strip... Rod... Tubing... Wire... Castings 
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ҮЕ5 SIR an engineer who 


uses any but the best motors on 
the machines he designs and builds 


is "sticking his neck out . . .' 


For the wise engineer knows that 
motors are the heart of machine 
tools. He knows that his machines 
are no better than the motors that 


power them! 


This is the reason why more and 
more design engineers today are 
switching to modern Allis-Chalmers 


Lo-Maintenance Motors! 


Low-Maintenance Motors 


Pay An Extra Dividend! 


The story behind these motors is 
an interesting one—one it will pay 
you to get acquainted with. For 
in Lo-Maintenance Motors you get 
such outstanding features as a stator 
that's twistless and distortionless... 
a rotor that’s indestructible ...a 


frame that’s made of special high 


carbon steel for greatest protection. 


Engineer 
sticks his 


emm 


What's more—you get all-'round 
performance that's "more than 
the rating on the nameplate”—an 
extra operation dividend that the 
design engineer is glad to pass on 
to the purchasers of his machines. 


To get the facts about Allis-Chal- 
mers Lo-Maintenance Motors, call 



























THE DESIGN ENGINEER OF THIS} 
Stoker-Unit drilling machine has made sure he 
hasn’t “stuck his neck out” on performance. 


With three Allis-Chalmers Lo-Maintenance | 


Motors powering the machine, he knows 
he is giving his customers an “extra divi- 
dend” in dependable, low-cost motor service. 





the district office near you...or write: 


Allis-Chalmers, Milwaukee, Wis. 
A138 


ALLIS-CHALM ERS 10-MAINTENANCE MOTORS 


ACCOMPLETE LINE FOR EVERY PURPOSE...ONE-HALF HORSEPOWER AND UF 





x 





HOW LONG SHOULD A CORD SET BE? 


(A New Answer in the Light of Present-day Restrictions) 
























General Electric Accessory Equipment engineers have always advocated cord sets long 
enough for the convenient use of the appliances to which they are attached. In 
terms of user satisfaction and increased sales appeal, this answer has been logical and fair. 


Today, however, the production of portable cords for non-defense requirements is sub- 
stantially restricted, and sensible conservation is indicated. To realize necessary savings 
and provide for the largest possible number of appliances for domestic consumption, we 
suggest using minimum-length cord sets until production restrictions are removed. 


This plan will permit the manufacture of more appliances for domestic use and, where cord 
is a limiting factor, it will permit you to serve a broader market and satisfy more customers. 


WHAT IS “MINIMUM LENGTH” —_ 
FOR YOUR PRODUCT? B 


We suggest the following "minimum length" (ae o 9 
CORD 
SETS 


cord sets for your consideration: 


APPROXIMATE SUGGESTED 
PRODUCT PRESENT LENGTH MINIMUM No m 
atte 
Vacuum Cleaners........ BER eso ir 15 - you S се length Cord 
Otec d sur , 
Electric Clocks. .......... beo ack ace at 3 Rebbe: wi С-Е M. e жо 
. gs -on 
К ао оноосон Коз» кака жее Ж Ан 5 e о а" В train 
esist 
Refrigerators............ Bo ruo EX ERE 3 Serve mutes age they ve 
(Outside of box) will, NE. rotec; On- 
Shaevem ...... rn Козей көен» 4 АС good 
r 
Heating Appliances...... acc re 4 yong sentative is ready 1 АРтепг 
(Other than flat irons) = Сог equir to discus. 
all G3. (helpfu] jog ets and 
At present the only alternative to curtail- t Cces D п on 
о Section €vices Wr; 
ment in length is reduction in the number and Merchang; 2B, App к 
of cord sets available for non-defense uses. eneral Electri © Der ártmenr. 
Onnecticut, O., ridgeport 


GENERAL (/5 ELECTRIC 
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A new synthetic solid 


gives you this 


permanent tracing paper 


A remarkable new transparentiz- 
ing agent developed in the K & E 
laboratories— produces this truly 
permanent tracing paper! ALBA- 
NENE is made of 100% long fiber 
pure white rags—treated with 
Albanite—a new crystal clear syn- 
thetic solid, physically and chem- 
ically inert. ALBANENE will not 
oxidize, become brittle or lose 
transparency with age. 

Equally important, ALBANENE 
has an excellent drawing surface 
that takes ink or pencil beautifully 
and erases with ease...a high de- 
gree of transparency that makes 
tracing simple and produces 


strong sharp blueprints... extra 
strength to stand up under con- 
stant corrections, filing and rough 
handling. ALBANENE has a// the 
working qualities you’ve always 
wanted—and it will retain all these 
characteristics indefinitely. 

Make ALBANENE “prove it” on 
your own drawing board. Ask 
your K & E dealer or write us for 
an illustrated brochure and gen- 
erous working sample. 


KEUFFEL « ESSER CO. 


CHICAGO ° ST. LOUIS ° SAN FRANCISCO - LOS ANGELES 
DETROIT * MONTREAL 


REG. U. S. PAT. OFF. 


THE STABILIZED TRACING PAPER 








SERVING THE NATIONAL DEFENSE PROGRAM 


PRECISION 
MADE...— 





Lx EL 


j HOLO-KROME 
= Beever 





ob MOLO-KEROME SCREW CORP. HARTFORD, CONN., U. S. ^ 
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REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS 
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Die-Stamped Parts 
Readily Produced 
From Brass Sheet 


Small parts of accurate dimensions, such 
as clips for pens, pencils, and pocket ther- 
mometers, can be economically die-stamped 
from brass sheet of controlled quality. The 
accompanying illustration indicates how eas- 
ily clips can be formed from Bridgeport brass 
sheet by multiple die-stamping operations. 
As the brass sheet is fed into the press, the 
trade name is stamped on the metal, the con- 
tour of the part is shaped, and the clip is 
punched out in rough finished form. Because 
of the clean cutting character of Bridgeport 
brass sheet, the rough stamped parts require 
no intermediate finishing. They are fed di- 
rectly into a press designed to shape and 
“ball” the clip end in a single operation. 


Courtesy of Marshall & Meier 





Duronze* III Resists 
Attack by Fuel Oils 


Exceptionally high corrosion resistance of 
Duronze III is demonstrated by its successful 
performance in the screw machine part illus- 
trated, which is used in assembly of aircraft 
carburetors. In addition to withstanding the 
severe corrosive at- 
tack of hot gasoline 
in this application, 
Duronze III has 
the further advan- 
tages of very high 
strength, smooth, 
hard surface, and 
light weight. 

Duronze III also 
displays high resist- 
ance to the action 
of the elements, 
sea water, dilute 
acids, and many 
other chemicals. 











idgep rt” Headquarters for BRASS, BRONZE and COPPER 
co. 





Proper Control of Annealing Is 
Essential in Brass Fabrication 





Operation is One of the Most Important in its Effect on 
Strength, Ductility, and Other Characteristics of Brass 





One of the reasons why brass is so useful is 
that the physical properties of a given alloy 
can be varied over a wide range, depending 
upon whether it has been finished by anneal- 
ing or cold working, and further depending 
upon the severity of these operations. 

In order that the properties of a batch be 
sufficiently uniform for the processes to which 
it is to be subjected, it is important that 
these operations be carefully controlled. 

Too much emphasis cannot be placed upon 
the importance of the annealing or heat 
treating operation as applied to the brasses. 
Unlike steel, brass in its soft or annealed 
condition is a metal of moderate strength 
and excellent ductility. However, upon cold 
working, such as rolling or drawing, brass 
becomes stiff and hard, its tensile strength 
rising rapidly with decreasing ductility. Cold 
worked material can be made soft and duc- 
tile again, however, by annealing or raising 
the metal to a red heat. In other words, the 
nature and physical properties of brass de- 
pend mainly upon the final treatment which 
it receives: namely, annealing (softening) or 
cold working (hardening). 


Relief Annealing 


Since hardness and strength in brass are 
artificially induced by cold working, it often 
happens that finished articles made by form- 
ing, drawing or stamping contain serious 
stresses which may let go under certain con- 
ditions causing cracks or breaks in the mate- 
rial. Such stresses can generally be elimi- 
nated by relief annealing at a temperature 
too low for recrystallization or softening. 
Relief annealing is used in many cases where 
articles are to be kept in storage for long 
periods of time. 

True annealing takes place when the ma- 
terial is heated at a sufficiently high tem- 
perature so that recrystallization actually 
takes place. In general, this change in struc- 
ture is accompanied by softening. With ris- 
ing temperatures of anneal, the crystals grow 
larger, with corresponding increased ductil- 
ity and lower tensile strength. 

Under the microscope the brass shows a 
crystalline structure—the size of the crystals 
increasing with rising temperature. By con- 
trolling the grain size, brass of various de- 
grees of softness can be made. The coarse- 
grained material presents a rough surface 
after stretching resulting from forming or 
cupping. If it is necessary to polish or buff 





such a surface, considerable cutting down 
must take place, accompanied by higher fin- 
ishing costs. A fine-grained material requires 
much less polishing and results in a better 
finish. A medium-sized structure is desirable 





(Above) Annealed yellow brass, medium grain size, 
Mag. 75X. Tensile strength about 45,000 pounds 
per square inch. 


э 






2.2 


(Above) Cold worked yellow brass, Mag. 75X. Ten- 
sile strength about 62,000 pounds per square inch. 


Types of Equipment 


Although the type of furnace and nature 
of the fuel are important from an operating 
standpoint, nevertheless almost any anneal- 
ing equipment will produce the desired re- 
sults if careful attention is given to good 
annealing practice. Best results are obtained 
with a furnace large enough so that the batch 
of metal to be annealed can be brought up 
close to the indicated furnace temperature. 
In cases where the annealing equipment is 
too small, the common practice is to rush 
the annealing by maintaining the furnace 
considerably higher than the desired anneal- 
ing temperature and pulling the material out 
of the furnace before it attains furnace tem- 
perature. Such practice is dangerous because 
of the uncertain time element— a little longer 
period in the furnace may bring the metal 
up to a higher temperature than required, 
while a shorter period may result in only 
part of the material attaining the annealing 
temperature. In other words, non-uniformity 
results from lack of annealing facilities. 

Certain brass alloys, especially those 
which contain copper above 85%, oxidize 
rapidly when exposed to the air when in a 


( Continued on page 2, column 2) 
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ALLOYS OF COPPER 


This is the twenty-ninth of a series of ar- 
ticles on the properties and uses of the 
copper alloys, and continues the subject 
of the copper-tin alloys. 





PROPERTIES OF 
COPPER-TIN ALLOYS 


The properties of the copper-tin alloys 
which have made them particularly useful 
are their combination of good fatigue life, 
corrosion resistance and spring characteris- 
tics. The last item is difficult to define exactly 
but seems to be related to high elastic limit 
and resistance to creep at room temperature. 
This combination of properties is responsi- 
ble for the use of phosphor bronze clips in 
almost all types of electrical switch contacts. 
In order to secure these mechanical proper- 
ties it is necessary to furnish the strip or 
wire in the cold worked condition. 


Because of their cost the alloys have only 
been used when cheaper alloys could not be 
used. This is unfortunate for the alloys have 
other properties which are highly desirable. 
In the annealed condition the 8% tin alloy 
has an excellent combination of ductility and 
strength, being actually superior to cartridge 
brass in those respects. These properties lead 
to the use of phosphor bronze in some of 
the highest quality thermostatic bellows, 
where ability to withstand severe stretching 
operations combined with good tensile 
strength and elastic properties are important. 


It is apparent from the accompanying 
curves that the alloy has many attractive 
properties which have not been fully ex- 
ploited because of the cost of the material. 
These curves cover the mechanical proper- 
ties of the 8% tin phosphor bronze as af- 
fected by cold working and annealing. 


ЕРРЕСТ ОГ COLD WORKING 6% PHOS. BRONZE 


1000 185/350 INCH 


TENSILE STRENGTH 





20 
ФСАСЕМТ REDUCTION BY ROLLING. 





Phosphor Bronze Is 
Readily Fabricated 


The ease with which Bridgeport New 
Phosphor Bronze is adaptable to the fabri- 
cation of many types of parts—large or 
small, simple, or intricate—is indicated by 
the accompanying photograph of typical 
phosphor bronze items. Bridgeport’s care- 
fully controlled methods of processing assure 
a phosphor bronze with the qualities that 
contribute to ease of fabrication as well as 
to long life and lasting resilience. 





Annealing of Brass 


( Continued from page 1, column 3) 

red hot condition. Oxidation can be pre- 
vented by using non-oxidizing furnace equip- 
ment. Where this is not available the oxi- 
dized surface can be removed by pickling 
in a dilute sulphuric acid pickle. The best 
practice, of course, is to prevent oxidation 
in the first place. 


EFFECT Of AMMEAUNG 8X PHOS BRONTE 


PERCENT ELONGATION iN 2 INCHES 


СААМ 510 м OO LAE TERNS 
TENSILE STRENGTH IN I000 L83./ 9Q INCN 








NEW DEVELOPMENTS 





An automatic thread-milling machine is said 
to be designed to produce internal and external 
threads of a high degree of accuracy at rapid 
speeds. Manufacturer says that the operator 
need only load and unload the machine and 
actuate the starting lever, all other machine 
functions being performed automatically. 

(No. 270) 


A shell-spraying machine is provided with 
an electric eye control that shuts off the spray 
when there is no shell in the work holder, it is 
reported. Machine coats exterior and interior 
surfaces in one operation. (No. 271) 


A pneumatic comparator gage is reportea 
to amplify small dimensions accurately and 
show them on a dial type indicator. According 
to the maker, the gage is especially suitable 
for production work, because the '*wear"' factor 
is eliminated. The measuring points are actually 
air nozzles, which do not touch the piece being 
gaged, and are therefore not subject to wear. 


(No. 272) 


A new precision machine is reported to be 
especially adapted to accurate milling, boring, 
facing, and routing operations in tool, die, and 
machine shops. V-belt drive provides a wide 
range of speeds. Suggested applications include 
the manufacture of small parts for instruments 
and munitions. (No. 273) 


A pickling agent recently placed on the 
market is said to have exceptional advantages 
in the processing of copper and copper alloys. 
Maker says that it can be used successfully on 
brasses, including leaded brass, silicon bronze, 
phosphor bronze, and many other copper al- 
loys, as well as on pure copper. Among the 
reported advantages of the new material are 
rapid and thorough pickling, prevention of red 
stains, improved surface appearance, and re- 
duction in the danger of attacking the metal. 


(No. 274) 


A sensitizing process for copper and brass 
is said to permit the making of templates by 
photographing drawings directly on the metal 
surface, thus eliminating considerable hand lay- 
out time. The process, which involves coating 
the metal with a photographic emulsion, can be 
applied also to the making of nameplates, in- 
strument dials, and similar parts, it is claimed. 

(No. 275) 


A new hardness tester is provided with an 
attachment that simplifies testing on irregular 
surfaces not easy to reach with conventional 
instruments. Tester is of the small portable 
type, and is said to be adapted to both metals 
and finishes. (No. 276) 


This column lists items manufactured 
or developed by many different sources. 
Further information on any of them may 
be obtained by writing Bridgeport Brass 
Company, which will gladly refer readers 
to the manufacturer or other source. 





PRODUCTS OF THE BRIDGEPORT BRASS COMPANY 


Executive Offices: BRIDGEPORT, CONN.—Branch Offices and Warehouses in Principal Cities 


SHEETS, ROLLS, STRIPS— PHONO-ELECTRIC* ALLOYS— 
Brass, bronze, copper, Duronze*,  High-strength bronze trolley, messen- 


for stamping, deep drawing, forming ger wire and cable. piping. 


and spinning. 


changers, oil refineries, and process making automatic screw ma- 


WELDING ROD —For repairing 
CONDENSER, HEAT EX. Cast iron and steel, fabricat- 
CHANGER, SUGAR TUBES— 98 silicon bronze tanks. 


2, 


COPPER WATER TUBE — For BRASS, BRONZE DURONZE 
plumbing, heating, underground WIRE — For cap and machine screws, 


wood screws, rivets, bolts, nuts. 


DURONZE ALLOYS — High- FABRICATING SERVICE DEPT. 
strength silicon bronzesforcor- —Engineering staff, special equipment 
rosion-resistant connectors, for making parts or complete items. 


Bi 
For steam surface condensers, heat ex- LEDRITE* ROD—For "E marine hardware; hot rolled BRASS AND COPPER PIPE— 
со. 


industries. 
*Trade-name. 


BRIDGEPORT BRASS 


chine products. 


sheets for tanks, boilers, ‘‘Plumrite’’* for plumbing, under- 


heaters, flues, ducts, flashings. ground and industrial services. 


Established 1865 











An interesting full 
color, 4-page folder 
featuring Bower 
advantages lo ne- 
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MANUFACTURERS OF LEATHER AND TEXTILE 








ring Permanence, Strength 


N THE DEFENSE EFFORT, PLEXIGLAS is play- 

ing its own important part. Aircraft engi- 

neers have found PLEXIGLAS ideal for trans- 
parent cockpit enclosures, gun turrets, nose 
sections, and observation hatches. On the 
Navy’s new small boats, on tanks, on a hundred 
other defense jobs, PLEXIGLAS and CRYSTALITE 
have been specified. They are strong, perma- 
nently transparent, and light in weight. 

To keep pace with these demands, we are 
constantly increasing our production, but still 
we cannot supply PLEXIGLAS and CRYSTALITE 
to all who would like them for civilian use. 
They cannot now be considered substitutes for 
metals or for other restricted materials. 

You, however, can profit from our active 
participation in defense production in two 
ways. First, when the defense effort is over, 
there will be more PLEXIGLAS and CRYSTALITE 
available for your use. 

Second, because we are crowding years of 
experience into every month, we are now, bet- 
ter than ever before, able to assist you in your 
investigation of plastics. Let us help you pre- 


pare now for your post-war competition. 


PLEXIGLAS sheets and rods, weather- 


proof, shatterproof and strong, can be 
fabricated by bending, sawing, drilling and 
cementing into crystal-clear ornaments or 
durable industrial parts. 


CRYSTALITE molding powders make 


possible moldings stronger and lighter than 
glass, resistant to weathering, moisture and 
chemical action, high in dielectric strength. 


PLEXIGLAS and CRYSTALITE are the trade-marks, 
Reg. U. S. Pat. Off., for the acrylic resin thermo- 
plastics manufactured by the Rohm & Haas Company 


SPECIALTIES AND FINISHES CRYSTAL 
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and Sparkle to Your Product 


CRYSTAL-CLEAR-PirxictAs and CRYSTALITE 


bring brilliant sparkle and excellent optical qual- 
ities to any application. Clearer than glass, they 
“pipe” light, even around corners, for edge-lighted 
dials and signs. They reflect the quality of a con- 
tainer's contents, they enhance as well as display 
merchandise, they add sales appeal to your product. 


LIGHT-WEIGHT- Less than half as heavy as 
glass, PLEXIGLAS and CRYSTALITE can cut excess 
poundage from your product. Naval architects, for 
example, use PLEXIGLAS—and light-weight mountings 
—to reduce above-waterline weight in their boats. 


STRONG — Prexictas and CRYSTALITE resist 
breakage in the manufacture, installation and ship- 
ping of your product. As safety shields in industrial 
equipment or merchandising displays in department 
stores, these sturdy plastics have proved their dur- 
ability. 


INSULATING —Especially in high voltage instal- 
lations, PLEXIGLAS and CRYSTALITE resist carbon 
tracking and dielectric breakdown. Their low mois- 
ture absorption increases their usefulness in elec- 
trical applications. 


PERMANENT. r. posure to extreme weather con- 


ditions does not discolor or warp PLEXIGLAS or 

CRYSTALITE. They resist the action of most chem- 

icals, cosmetics and oils. Used indoors or out, for 

retail packages or mixing tanks, PLEXIGLAS and - 

CRYSTALITE retain their clarity and lively sparkle. € Edge-lighted dials, glare-free and rattle-free, are molded of 
CRYSTALITE for many modern cars, 





€ Weather won't discolor Pontiac's CnvsrALITE radiator ornament, 
an injection molding by Consolidated Molded Products. 








è Low Power Factor dictated the use of PLEXIGLAS © Sparkling PLEXIGLAS canape ePrurxicLAS rods make durable 
on Kurman Electric's high frequency relay. tongs by Creative Plastics. displays for L. A. Darling. 


( 0 M р А \ ү WASHINGTON SQUARE 
| PHILADELPHIA. PA. 
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w THE NEWS 


WITH BANTAM BEARINGS 





TEN-FOOT CIRCULAR BLADE is a striking feature of this Newton Cold Saw Cutting-off Machine 
manufactured by Consolidated Machine Tool Corporation— probably the largest machine of its 
type ever built. Bantam Radial Roller Bearings were selected by Consolidated for use in this 
giant machine because of their compactness and high load capacity. Here is a typical instance 
of Bantam's skill in meeting novel design requirements. 





BANTAM SUPPLIES ANTI-FRICTION BEARINGS of 
many sizes and types to meet the require- 
ments of Industry and Government for de- 
fense production. Because of Bantam's broad 
experience in the design and application of 
every major type of anti-friction bearing, 
Bantam engineers are exceptionally weil quai- 
ified to undertake the solution of new and 
difficult bearing problems. For advice on anti- 


friction bearings, TURN TO BANTAM. 


_БАлмтлм, 


STRAIGHT ROLLER ° TA 
BANTAM BEARINGS CORPORATION * 
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THIS COMPACT POWER TAKE-OFF is designed . 


to take full advantage of the compact, space- 
saving features and high-capacity of Bantam’s 
Quill Bearing. Built by Sterling Motors Corp. 
for use on heavy-duty Sterling trucks, it illus- 
trates another application for this low cost anti- 
friction bearing. Completely self-contained, the 
Quill Bearing is admirably adapted to produc- 
tion-line assembly methods. For details on 
this unusual bearing, write for Bulletin R-104. 


EARINGS 


ROLLER.- NEEDLE - BALL 


SOUTH BEND • INDIANA 





FOR HEAVY-DUTY WELL DRILLING, Pennington 
Signaling Core Barrel's 1234" oil-bath rotary 
offers outstanding advantages in capacity and 
economy. Photo shows Bantam Ball Thrust 
Bearings and drive gears which give this 
rotary a capacity of 70 tons at 100 RPM, 
permit it to be operated continuously at 600 
RPM when drilling. “Bantam Bearings are 
precision-made,” says Mr. Harry Pennington, 
“and we could ask for nothing better than 
what you furnish. Our products are also pre- 
cision-made to take advantage of Bantam’s 
accuracy.” 


4000-TON FORMING PRESS built by Baldwin- 
Southwark is powered by two Oilgear Two- 
way Variable Displacement Pumps with a 
combined displacement of 143 gallons of oil 
per minute at pressures up to 3,000 pounds 
per square inch. Each pump rotor turns on 
large Bantam Radial Roller Bearings—7.0866” 
I.D. for front rotor bearings, 9.0551" I.D. 
for rear rotor bearings. 
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BAKELITE Phenolic Resin wood adhes- 
ives, which for several years have 
demonstrated their strength and dura- 
bility in the bonding of molded ply- 
wood for serving trays and a diversity 
of wood products, are now employed 
in the production of aircraft stabilizers. 
For this important, strategic use, they 
provide the following advantages: 


Adaptability to plywood 
molding technique 


Resistance to weathering 


Resistance to 
extremes of temperature 


Flame resistance 


Toughness to withstand vibration 
stresses and wind impact 


Resistance to mold 
* 


IRCRAFT MANUFACTURERS, seeking a superior wood glue 
А that possessed the necessary properties required for 
plywood aircraft stabilizers, found the answer in BAKELITE 
Liquid Phenolic Resin wood adhesives. These synthetic 
resin glues have been employed successfully for several years 
in hot press, plywood bonding, chiefly in the manufacture 
of furniture, decorative paneling, serving trays, and other 
consumer goods. 

The properties that made these adhesives ideal for peace- 
time production, immediately were put to work for more 
vital and strategic uses of which the aircraft stabilizer is but 
one example. Because the wood adhesives were available 
and manufacturing technique already established, valuable 
time was saved in converting materials and equipment to 
essential purposes. 


Serving Trays and Aircraft Stabilizers 


,.. what have They in commos ? 


Bakelite Corporation has developed many types of BAKELITE 
Phenolic and Urea wood adhesives, each possessing its own 
unique combination of advantages. 

For further information on these synthetic resin glues, 
write Department 33. 


BAKELITE CORPORATION, 30 EAST 42Np ST., NEW YORK 
Unit of Union Carbide and Carbon Corporation 


TRACK MARKS 
The word “Bakelite” ond the а Symbol ore registered trode-morks 
identifying products со of Bokelite Corporation 


PLASTICS HEADQUARTERS 


Ни HEU ШИТ 


АТИУСЛ ИЕ. 

















Many times it is possible to simplify mechanisms, cut costs and 
improve reliability of operation by the use of direct current for con- 
trol or power circuits, or electrically operated equipment. 


And many D.C. power applications may be made more reliable, 
more efficient and more compact if available A.C. power is con- 
verted to D.C. 


The function of Mallory Rectifiers is to convert A.C. to D.C. They 
are noiseless, long-lived, compact—furnished in standard capacities 
or built to your particular requirements. 


If your product requires A.C. rectification, write for the new Mallory 
booklet. It contains a wealth of information on the selection and 
application of the proper rectifier for your need. 








P.R. MALLORY & CO. inc. 
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High Tensile Strength 
Reliable Design Characteristics 


Adaptability to Heat Treatment 
and Flame Hardening 


High Damping Capacity 
Self-lubricating Properties 
Free Machining 












А few of the basic individual characteris- of one in order to be assured of another. 
tics of both Cast Iron and Steel are listed. When you specify MEEHANITE you 
MEEHANITE castings offer you, n are not specifying just another cast iron 
composition and structural but a special material—tested step by 
control, a combination of step and manufactured with your needs 
these properties, permitting in mind. It is able to supply you with the 





simplification of design and ens " right combination of engineer- A 
rite for the property Wheel E". 3 
demanding no sacrifice “tele yg what you can ing properties for your job. {* | | 
Meehanite Research Institute . 311 Ross STREET - PITTSBURGH, PA. Д 















































































E Anionin, Сонт...................... Farrel-Birmingham Co., Inc. ж е ИСТОРИЧАРЕ Koehring Company 

E Kc e H. W. Butterworth & Sons Co. Mt. Vernon, Ohio, Grove City, Pa.. .Cooper- Bessemer Corporation 
Bridgewater, Mass:....................... The Henry Perkins Co. New York, N. Y.. .. The American Brake Shoe & Foundry Co. 
Buffalo, N.Y. .......................Pohlman Foundry Co., Inc. Oakland, Calif. сао Vulcan Foundry Company 
Charleston, W. Va...... .........Kanawha Manufacturing Co. O O E айин SY E. Long, Ltd. 
Chattanooga, Tenn........... dh .Ross-Meehan Foundries Philadelphia, Pa.. . Fiasenee Pipe Foundry & Machine Co., 
Chicago, IIl. КИ зылуы ,Geeenles Foundry Company (R. D. Wood Company, Selling Agents) 
Cincinnati, Ohio ........... Cincinnati Grinders Incorporated Phillipsburg, N. J..................Warren Foundry & Pipe Corp. 
Cincinnati, Ohio... ANS The Cincinnati Milling Machine Co. ION on ioc odo win vies nct qa Meehanite Metal Corporation 
Cleveland, Ohio. ... j . . -Fulton Foundry & Machine Co. Pittsburgh, Pa................. .Rosedale Foundry & Machine Co. 
Denver, Colo. sees e .The Stearns- Roger Mfg. Co. Rochester, N. Y................American Laundry Machinery Co. 
Detroit, Mich.. . ; í .. ..Atlas Foundry Co. НК OL as weal bu edewece dice wa wemaen Banner Iron Works 
Flint, Mich. ... . General Foundry & Mtg. Company :.- St. Paul, Minn. .... Рр . Valley Iron Works 
Hamilton, Ohio .Hamilton Foundry & Machine Co. - London, Eng..... The International Meshenite Metal Co., Ltd. 

7. Waterloo, N. S. W.......... Australian Meehanite Metal Co., Ltd. 





Irvington, N. J. : ....Barnett Foundry & Machine Co. 


Los Angeles, Calif. .Kinney Iron Works Johannesburg, South Africa, Meehanite Metal Co. (S.A.) (Pty.) Ltd. 
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ites to low cost bearing operation. 


HERE are two prime requis 

First, bearing must retain proper amount of lubricant over long 
Second, bearing must keep out dirt and dust particles. 
The advanced patented seal in SEALMASTERS does most effec- 


tively this important two-fold job. 
In addition, you secure self-alignment without 


of the seal, for seal is built integral with bearing 


ent of housing. 
Steel flingers, attached to inner race ring, have special sealing 
felts impounded on inner faces; these 

e of inner seal, 


felts, rotating in groov 
are assembled with close running clear- 
but without interference, and 


y on low cost 


T 


periods. 


possible distortion 
proper. independ- 


ances, 
are free-running. 


For the complete stor 
operation SEALMASTERS, write 
for your ata Book 840. 


of 
free copy of D 
Bearing Division 


Stephens-Adamson Mfg. 
9 Ridgeway Ave- Aurora, 


Angeles, f. — Canadian Plant: 


Co. 


Illinois 
Belleville, Ontario 


Western Plant: Los 


Medium D 
Pillow Block, 
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Silver laminated to unrestricted 
base metals in wire, flatstock or 
fabricated parts makes good con- 
ductive material-strong, depend- 
able and capable of carrying cur- 
rent without loss or deterioration. 
So do low cost silver alloys— also 
available in all forms. 





Silver laminated metals—in flat 
stock, coils or tubing—are eco- 
nomical metals to use under cor- 
rosive conditions. The solid silver 
surface provides the protection 
from corrosion. And the base met- 
al—permanently bonded to the sil- 
ver—adds strength and rigidity. 









N 
IT'S eco ust 


_ 


Due to General Plate’s precision 
manufacturing processes, laminat- 
ed silver metals are produced at a 
cost which makes them practical, 
when compared with solid preci- 
sion metals, for almost all appli- 
cations—regardless of size, shape, 
type or quantity required. 
























Silver Laminated Metals may Solve Your Substitute Problem 


See if it is possible for you to make good use of to meet unusual requirements economically. There 


the many types of laminated metals that General is a possibility that General Plate can pull you out 
Plate engineers are producing for equipment manu- of your metal hole. If you have any requirements 
facturers. For many years General Plate have special- simply write, specifying them. Your request will be 


ized in developing laminated combinations of metals attended to promptly and confidentially. 


Gener al P late Division of Metals & Controls Corp. 


Metals and Controls Corporation Divisions manufacture the following products: Laminated & solid precious metals, 
electrical contacts —Solid and rolled plated precious metals in allforms Truflex Thermostatic Bimetals. 


34 FOREST STREET - - - ATTLEBORO, MASSACHUSETTS 
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In applications such as demolition bombs, N-A-X HIGH 
TENSILE is ideal, for it meets the exacting specifications 
set up for this important defense material. This superior low 
alloy steel possesses outstanding impact properties—an item 
of particular importance in applications of this sort. 

N-A-X HIGH TENSILE has other important properties, 
too, that permit the fabricator to form these bombs with 
speed and ease. This superior low alloy steel works well in 
all phases of manufacture, and its outstanding ductility and 
forging properties combined with excellent welding charac- 


teristics make for low-cost fabrication. 


DEMOLITION BOMBS 


made of 


AX 


igh Tensile 





yg 
" к 


p. 


In hundreds of exacting applications, N-A-X HIGH 
TENSILE has proved without question that it is a really 
superior low alloy steel. In parts or products that must 
operate in all kinds of weather, over undeveloped terrain, the 
impact and fatigue resistance of N-A-X HIGH TENSILE 
has given equipment longer life with lower upkeep cost. 

Great Lakes engineers, who have experience covering 
N-A-X HIGH TENSILE in all types of applications, will be 
glad to assist you in the use of this outstanding low alloy 
steel. Telephone, wire or write for one of these engineers 
today. No cost or obligation. : 


LIST OF PRODUCTS 
Hot Rolled Strip (down to 1 inch wide) . . . Hot Rolled Strip Sheets (up to 91 inches wide) . . . SpringSteel (carbon and alloy) . . . Merchant 


Bars... Forging Bars... Automobile Bumper Sections. . . Bar Mill Sections... N-A-X HIGH TENSILE Bars, Shapes, Sheets, 
Billets... Sheet Bars... . Hot and Cold Rolled Sheets . . . Michigan Metal for Vitreous Enameling... Deep Drawing Quality (in all 


grades, widths up to 91 inches) . . . Stran-Steel Metal Framing for Residential and Commercial Construction. 





GREAT LAKES STEEL CORPORATION—DETROIT, MICHIGAN 


Sales Offices in Principal Cities 


division of 


NATIONAL STEEL CORPORATION 


Executive Offices, Pittsburgh, Pa. 
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LOCK WASHER IS 


Bath) ileal 


FREE TO ROTATE 


=... AND CAN'T DROP OFF! 


Now available through the following 


leading Fastening Manufacturers 


AMERICAN SCREW COMPANY 
PROVIDENCE, RHODE ISLAND 


CHANDLER PRODUCTS CORPORATION 
CLEVELAND, OHIO 


CONTINENTAL SCREW COMPANY 
NEW BEDFORD, MASSACHUSETTS 


RELIANCE SPRING WASHER DIVISION 


EATON MANUFACTURING COMPANY 
MASSILLON, OHIO 


THE LAMSON & SESSIONS CO. 
CLEVELAND, OHIO 





No Time Wasted 


THE NATIONAL SCREW & MFG. CO. 
CLEVELAND, OHIO 


PHEOLL MANUFACTURING CO. 
CHICAGO, ILLINOIS 


SCOVILL MANUFACTURING COMPANY 
WATERBURY, CONNECTICUT 


SHAKEPROOF Inc. 
CHICAGO, ILLINOIS 


THE STEEL COMPANY OF CANADA, LTD. 
HAMILTON, ONTARIO, CANADA 


No Dropped Faster — Smoother 


Doing This! Lock Washers! Assembly! 


LICENSOR 


ILLINOIS TOOL WORKS...... Chicago 
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WINDOW 
MANUFACTURERS 


“OUT THE WINDOW” WITH COMPLAINTS 


...and the man who keeps them out! 


NE WAY to keep customers happy is to help them 
O eliminate complaints. How Du Pont “lends a 
hand” is shown in a recent unsolicited letter from a 
manufacturer of metal casement windows: 


“Two years ago we put in our new bonderizing 
plant and filled the 1600-gallon tank with the 
paint formula recommended by our Du Pont man. 


“Since then we have received only three trivial 
complaints, so you see the paint has been entirely 
satisfactory. 

“Also please accept our thanks for the excellent tech- 
nical service of the Du Pont man throughout these two 
years." 


The Du Pont man is able to help keep out complaints 
because his service represents the total experience of 
skilled specialists—research chemists, laboratory tech- 
nicians, production men, service engineers, field rep- 
resentatives—all with the very finest of facilities for 


developing, making and applying better finishes. 


It is this teamwork coupled with years of experience 
which gives Du Pont that extra “know how.” That’s 
why so many manufacturers have turned to Du Pont 
for assistance in finishing processes. They know their 
problems are in the best possible hands . . . and that, 
as new finishing problems come up, Du Pont will 
tackle them and come out with the right answer. 


Listen to’’Cavalcade of America’ every Mon. eve. over coast-to-coast NBC Red Net. 


"New Frontiers Through Chemistry" 
... yours for the asking! 


> This interesting new book, prepared by 
Du Pont, describes many of chemical sci- 
ence's discoveries; the research, the test- 
ing, theinside story of many of chemistry's 
sensational triumphs. For your FREE copy 
just write to: E. I. du Pont de Nemours & 
Co. (Inc.), 7148-D, Du Pont Bldg., Wil- 
mington, Delaware. 


E. i. DU PONT DE NEMOURS & CO. (INC.), FINISHES DIVISION, WILMINGTON, DEL. 
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OigfD Y::::. MOUNTINGS 


> 


Above: Lord V.S. Mountings protect this Twin Coach bus engine 
against road shock and isolate the body from engine vibration. 
Left: In this radio installation Lord V.S. Mountings isolate the nor- 
mal vibratory forces caused by the blowers and protect it against 
shock due to starting loads and possible operation at resonance. 


€ Protect equipment against shock 


© Isolate smaller vibratory forces 


ANY types of mechanical equipment are subjected to sud- 

den, heavy shock loads as well as normal vibratory forces. 
It is possible to isolate these two types of disturbances by the 
use of Lord Vertical Snubbing (V.S.) Bonded Rubber Mountings, 
illustrated below. These mountings will support loads from a 
few ounces up to 1150 pounds. 


The design for this two-way protection is shown in the V.S. 
Plate Form Mounting cross-sections at the left. Figure 1 shows the 
mounting supporting its rated load and it is operating freely in 
sheer, isolating normal vibration. Figure 2 illustrates the action 
at the moment of shock. The metal washer has contacted the 
rubber snubbing shoulder and movement of the suspended mem- 
ber has been arrested. The reverse of shock, or rebound, wiil then 
occur and is arrested in a similar manner as shock, but in the 
opposite direction. Stability of the mounted assembly is charac- 
teristic of all Lord Mounting installations. 


The vibration engineering experience of Lord Engineers, 
gained in practically every field, is available without obligation. 


LORD MANUFACTURING COMPANY... ERIE, PA. 

245 E. OLIVE AVE., BURBANK, CAL. 280 MADISON AVE., NEW YORK 844 N. RUSH ST., CHICAGO 
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т" JOB of the modern thread- 
ing and cutting-off machine 
shown here is to "put the bite" 
on a daily diet of cold metal pipe. 
So, naturally, every part of it has 
to be plenty tough. And that’s 
one reason why American Flexi- 
ble Metal Hose was chosen for a 
doubleassignment on the machine. 
Parallel lengths of American Flex- 
ible Steel Tubing carry air under 
pressure to open and close the die 
heads. And American Type BD20 
steel carries coolant to the cutting 
surface. 


In both cases, the "garden 
hose" flexibility of American 
Metal Hose was an important rea- 
son for its choice. The pressure 
lines must take up a movement 
of about two inches every time 
the die heads open and close... 
while the coolant line must be 
free to move with the carriage of 
the machine as it operates. 


At the same time, the coolant 
line, carrying a cutting oil, and 
the pressure lines, exposed to oil 


For the Air 
That Clamps These 
Jaws of Steel... 


Modern pipe tbreading 
and cutting-off machine manufac- 


splash, had to be impervious to tured by the Landis Machine Co., 
the deteriorating effects of the Waynesboro, Pa. 

oil. Because its all-metal construc- 

tion rules out "oil rot," here again 

American Flexible Metal Hose Write for Bulletin No. 40 illustrated below. It 


contains complete information on American Seam- 
more than measures up to the less — its properties, available forms, typical uses 


mark. and methods of application. 41210 


Defense has drafted American 
Metal Hose and Tubing 


... for lines on modern machine tools 
and for flexible connectors on all types 
of machinery now working overtime 
for national defense. Despite expand- 
ing plant facilities, it will not be possi- 
ble for us to meet al civilian require- 
ments. But American will continue to 
serve in old duties—and when peace- 
time requirements are again “first”, 
American will still lead in the flexible 
connector field. 


American Metal Hose Branch of The American Brass Company 


ANACONDA General Offices: Waterbury, Conn. «e Subsidiary of Anaconda Copper Mining Co 


om mihe to consumer 


In Canada: Anaconda American Brass Ltd., New Toronto, Ontario 
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"MASTER MOTORS 


To maintain their position of leadership SCHENLEY DISTILLERS 
CORPORATION uses the best of materials and the finest of process- 
ing equipment. Schenley engineers find that their plant equipment is 





improved, made more compact, lower in cost, more convenient, more 
safe by using Master motors that meet the requirements exactly of 
each individual application. 


You too may secure these advantages. When ; you need motors for 
your plant or your product, investigate MASTER'S unsual ‘ability | 
to serve you promptly and —( with motors that really fit | 


your needs. 


THE MASTER ELECTRIC COMPANY * DAYTON, OHIO | 











A STATEMENT BY DU PONT ABOUT PLASTICS 


* Defense requirements and unusual com- 
mercial demands exceed the supply of some 
Du Pont plastics. National Defense orders 
will get preferred attention, of course. But 
Du Pont is bending every effort to satisfy 
commercial and replacement needs. Short- 
ages of equipment and raw materials neces- 
sarily limit this effort. 

Du Pont is also instituting a broad research 


and development program. We believe that 
from this program will come improvements 
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in existing plastics and the creation of en- 
tirely new types with new and valuable prop- 
erties. The results of this research will be re- 
ported to you as they develop. 

Stories of Du Pont plastics applications and 
developments will continue to appear in ad- 
vertisements, We hope you will find it help- 
ful to apply this information to your present 
and future needs. Meanwhile, Du Pont 
technicians are ready to devote their knowl- 
edge and facilities to your product problems. 


THIS BIG ASSIST FROM DU PONT “LUCITE”: 


EFT old Stradivarius (1644-1737) 
D —greatest of all violin craftsmen 
—would have welcomed “Lucite” 
methyl! methacrylate resin. For chin 
rests made of “Lucite” overcome the 
objections of fiddlers to rubber, ebony 


and other woods. 

In crystal-clear, black, opaque, 
transparent amber and tortoise shell, 
the new Kleerest, molded from 
“Lucite,” is winning bravos. It is san- 
itary, odorless and light in weight. 
Warm to the touch and smooth, it 
has the desirable property of clinging 
to the chin, thus giving a violinist a 
surer grip on his instrument. 

Overcoming the handicaps of other 
materials is often accomplished 
by the additional properties of 
“Lucite.” It is strong and tough... 
resists shattering and chipping . . . 
holds metal inserts securely, as in 
the chin rest . . . retains its shape 
after molding. "Lucite" is light in 
weight and sparklingly clear. And it 
resists outdoor exposure and the at- 
tacks of many chemicals. 

Think of the big things these prop- 
erties of "Lucite" can do for your 
product. Now is the time to investi- 
gate "Lucite" and other Du Pont 
plastics for future applications. Ex- 
perimental samples and Du Pont 
Technical service are at your dis- 
posal. E. I. du Pont de Nemours & 
Co. (Inc.), Plastics Department, Ar- 
lington, New Jersey. 

Lucite” is Reg. U. S. Pat. ОЙ. 


GU POND 


REG. U. 5. Pat. OFF 
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PRODUCT ENGINEERING: 


A Sure, Simple Overheat Protector 
for Transformers, Large or Small 


Small and compact, the foolproof thermo- 
static-disc-operated Klixon Protector is easily 
and economically built into the transformer 
by the manufacturer. Sizes are available for 
practically all ratings—covering general pur. 
According to the new specifications of the National Machine pose industrial, signaling, lighting, toy, con- 


Tool Builders’ Association,protective devices are musts for machine- uel and other types of tronsfermers. Both 
я : manual and automatic reset types of pro- 
tool transformers. And the simplest, most satisfactory answer to tectors are available; 
this requirement is a Klixon snap-acting Protector built right into Write for full information 
each transformer. Equipped with a Klixon Protector, a trans- 
former is completely protected from any and all types of overloads, 
including shorts—and the transformer can be used right up to its 
maximum output with safety. 
Klixon Protectors are practical. They are easily built right into 
any transformer. And the cost of this protection is /ow. Write for 


complete information. 


SPENCER THERMOSTAT COMPANY eo 912 FOREST STREET, ATTLEBORO, MASSACHUSETTS 
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PROBLEM —Unit heater manufacturers were using 
six different motors to meet requirements for 
constant, two-speed, and multi-speed operation 
on both 115 and 230-volt circuits. To reduce 
stocking, to speed production, to open new mar- 
kets, they wanted simplification. 


SOLUTION —Westinghouse unit heater specialists 
designed a dual-voltage motor suitable for all three 
operating conditions. Now, one motor takes the 
place of six and provides, in addition, other special 
advantages—‘“‘no bump”’ bearings, quiet operation, 
extra flexibility of mounting. 


PROBLEM —Most householders lack mechanical 
knowledge. Therefore, stokers require motors com- 
pletely self-protected against the application’s ex- 
treme hazards—immune to burnout from clogged 
feeds, excessive temperatures, improper ventila- 
tion and overloads—self-starting after low voltage 
—dust-free. 


SOLUTION— Westinghouse stoker specialists de- 
signed this capacitor-start, Thermoguard-protected, 
totally-enclosed motor to completely eliminate 
stoker drive worries. Thermoguard interrupts cir- 
cuit the instant abnormal load, current, or heat 
conditions arise, automatically restores circuit when 
safe temperature is reached—may be used to 
operate bell alarm, if desired. 


CLICK! IT’S OFF! 


Simple, Bi-metal, Thermo- ` 
guard disc opens circuit 
with rifle-bullet speed when 
motor temperature reaches 
danger point. 


This ordinary on- 
off switch gives 
single speed on 
either 115 or 230 
volts. 


This inexpensive 
switch gives two 
speeds on either 
115 or 230 volts, 
without transform- 
er or change in 
motor. 


This low-cost self- 
contained speed 
controller gives 
multi-speed opera- 
tion on either 115 
or 230 volts without 
change in motor. 


Available from 1/20 to ?4 hp for band or resilient mounting, floor 
or ceiling, this special motor is used by more unit heater manu- 
facturers than any other make. 


CLICK! IT'S ON! 


With return of safe con- 
ditions, Thermoguard re- 
starts motor automatically. 


ARRANGED FOR 
HANDY BX CONNECTOR 
Conduit box is fitted with 
a removable plug permit- 
ting use of standard BX 
conduit for wiring motor. 


Available in sizes from 14 to % hp at all standard speeds for 
either 110 or 220 volts (dual voltage above Jj hp) with rigid or 


resilient mounting. 





elps 


FOR JET 
PUMPS 


PROBLEM —Nothing was basically wrong with flange- 
mounted jet pump motors—but adoption of standard 
mounting dimensions by NEMA necessitated minor 
design changes. To Westinghouse specialists the situa- 
tion presented an opportunity to streamline the motors 
to the application. 


SOLUTION— Using the new NEMA dimensions as a 
base— Westinghouse specialists built up an entirely 
new, advanced design with capacitor and conduit box 
built-in to the lower bracket to improve appearance, 
make connections shorter and more convenient, and 
provide greater protection to capacitor. 


Standardized Flange Mounting Both frame 145 and frame 186 now made in 

Motor applied to jet pump. ball-bearing construction, all types and rat- 
pacitor now mounted inside ings, for flange mounting with these new 

lower bracket for better ap- NEMA dimensions 

pearance and protection. Low- 

er bracket location of conduit 

box more convenient, better 

looking, and shortens conduit 

required. 


Available in standard flange mounting and ball-bearing construction 
for all ratings in the Westinghouse 145 and 186 series frames, and for, 
rigid foot mounting. 


industry move ahead 


...WITH MOTORS 


SPECIALLY DEVELOPED 
FOR SPECIALIZED 


PRODUCTS 


Westinghouse pioneered the small a-c motor 
fifty years ago, thereby assuming the leader's 
responsibility for continued development in 
the small motor field. 

And down through the years, as a tenet of 
that responsibility, Westinghouse has built up 
a corps of specialized engineers which devotes 
itself solely to the development of special 
motors for special industries. For example, 
many Westinghouse engineers spend their 
entire working time solving the specific prob- 
lems of the Unit Heater industry . . . other 
engineers dedicate their efforts to Stoker manu- 
facturers . . . while others work exclusively on 
Jet Pump motors. 

This engineering organization makes avail- 
able special motors perfectly adapted for use 
with your specialized product . . . makes it a 
desirable move to consult Westinghouse first, 
relative to your Small Motor needs. 

We will consider it a privilege to serve you 
and to solve for you problems like those listed 
in the adjoining column— problems which we 
have solved for manufacturers of Unit Heaters, 
Stokers and Jet Pumps. 


e For Unit Heater information, write for F-8485. 


1 
e For Stoker Motor Data, send for F-8489, F-8490. 


e For Jet Pump Facts, consult your Westinghouse 
representative. 


SMALL MOTORS 










Linde 
Customers 


DRAW ON THIS 
LARGE LIBRARY OF 
OXY-ACETYLENE PROCESS 
INFORMATION 

































HE Linde organization has made avail- 
| able a large library of oxy-acetylene 
| process information on which customers can 
draw freely. The material in this Linde 
Library is designed not only to add to the 


knowledge of welding and cutting operators, 


but also to suggest to designers, engineers, and 
production men many ways in which Linde 
methods can be used to do better or quicker 
production work where the use of metals is 
involved. In addition, much of this literature 
is provided to suggest means of lowering the 
| costs of maintenance work. 

| The Library consists of handbooks, instruc- 
tion outlines, reprints of engineering arti- 


cles, design data, safety folders and even 


ACETYLENE TIPS. Among the many sub- 
jects covered are: oxy-acetylene welding, 


| 
| a monthly "how-to-do-it" periodical, OXY- 
| flame-hardening, flame-priming, flame- 


gouging, shape-cutting, stack-cutting, and 


; | hard-facing. 
If you want to know more about how Linde 


| helps its customers use Linde oxygen, Prest- 















O-Lite acetylene, and Union carbide effec- 
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tively—get in touch with Linde today. 





The words “Linde,” '*Prest-O-Lite," and “Union” are trademarks 





of Units of Union Carbide and Carbon Corporation, 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 
ULL 
New York, Chicago, Birmingham, Kansas City, 
San Francisco, and other Principal Cities 
In Canada: Dominion Oxygen Company, Limited, Toronto 


PARKER 
PROCESSES 


alt 


"Pinch-Hitting" 


for 


Defense Materials 


Many Industries 


In the automotive, electrical, architectural and 
many other industries, Parker Processes are aiding 
production executives in making successful sub- 
stitution for strategic protective metals. 


If priorities are absorbing your supplies of alum- 
inum, zinc, tin, cadmium or chromium, Parker 
chemists may be able to show you a satisfactory 
way to carry on without these critical metals. 


Parker Processes are providing adequate finishes 


PARKERIZING 
A finish and sub- 
stantial protection 
from rust on bolts, 
screws and small 
mechanical parts. 


BONDERIZING 
A rust inhibiting 
paint base that 
bonds the finish 
to sheet metal 
surfaces. 
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PARCO LUBRIZING 
A chemically produced 
coating for friction sur- 
faces that retains oil 
and prevents metal to 
metal contact. 


in scores of industries. They assure substantial 
protection, maintain fine appearance and give 
old products new sales appeal. They provide rust 
proofing and finish durability on peace-time 
products or defense materials. Investigate Park- 
erizing for protection from rust—Bonderizing 
for finish durability—Parco Lubrizing for wear 
resistance on friction surfaces. Send for catalogs. 


PARKER RUST PROOF COMPANY 
2179 E. Milwaukee Avenue  * Detroit, Michigan 


22777, 
CONQUER RUST 


BONDERIZING * PARKERIZING * PARCO LUBRIZING 





A NEW PLASTIC FOR jp! 


GIVES Z HIGHER ARC RESISTANCE; “HIGHER DIELECTRIC 
STRENGTH; AND 3 MAINTAINS THESE PROPERTIES AT ELEVATED 
TEMPERATURES AND UNDER VARYING HUMIDITY CONDITIONS 


For More Efficient Ignition Assemblies and Insulation Parts —To Permit 
Higher Operating Efficiency, Greater Power Output, Larger Safety Factors, 
and All-Round Improved Performance 


MELMAC! 494, First of a Line of New Industrial Plastics, 
Combines Physical and Electrical Properties Heretofore 
Unobtainable In Any Plastic... 


MELMAC 494 is an achievement of the Stamford 
Research Laboratories of the American Cyanamid 
Company, offering these outstanding characteristics 
to aid in defense production: 


. The highest arc resistance of any thermosetting 
plastic. 

. The highest dielectric strength at elevated tem- 
perature of any thermosetting plastic. 

. Excellent dimensional stability. 

. Extremely low moisture absorption. 


These properties are maintained at elevated temper- 
atures and under varying humidity conditions. 


MELMAC 494 is readily adaptable to conventional 
production methods and equipment for either com- 
pression or transfer molding. The regular tools and 
dies used for making parts with ordinary mineral- 
filled plastics can be utilized in making better parts 
with MELMAC 494. 


MELMAC 494 is now available for defense applica- 
tions on the basis of priority ratings. Present capacity 
is being rapidly expanded to meet the increasing 
demands for this new Cyanamid plastic; an entire 
new large-scale producing plant will be placed in 
operation early in 1942. 


MELMAC 494 may be obtained in “Sample” quanti- 
ties for experimental purposes. But MELMAC 494 
for commercial production of non-defense applica- 
tions must necessarily be limited for the duration of 
the present emergency. 
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American Cyanamid Company - Plastics Division - 


30 Rockefeller Plaza, New York, N. Y. 





DEFENSE...BY CYANAMID! 
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priority on ideas! 


Here's a service we can give 


you right now . . . Expert 
advice in using your present 
facilities to best advantage 


HE specialized knowledge of our metallurgical 
contact staff can be of help to you at the present 
time. 

These men are in intimate touch with the rapidly 
and constantly changing steel picture. They know alloy 
steels. For years they have worked shoulder to shoulder 
with men in machine shops, forge plants, and in heat- 
treating departments and welding shops, digging out 
the hard facts that make production flow smoothly. 

Right now when a new resourcefulness is urgently 
needed to meet an increasing scarcity of materials, 
skilled labor and tools, we urge you to draw freely upon 
this rich reservoir of experience. 

If your alloy steel set-up calls for a re-examination 
and re-orientation, if a revision of your shop practices 
will expedite production, or if re-design of your product 
is necessary, the practical advice and guidance these 
men can bring to your job will help you do it with least 
waste, trouble and delay. 

This service is not new. It was initiated long before 
the present situation developed. It is seasoned, tried and 


thoroughly competent. It is offered freely—and it is 
immediately available. 


CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh and Chicago 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 


United States Steel Export Company, New York 


UNITED STATES STEEL 





M 
THE KEY TO CONTROL —Capillary tub- 


| ingistheall-importantlink between the point of 





temperature change and the instrument which 
| indicates or records temperature or pressure. 
| Summerill has not only kept pace with de- 
| mands for deliveries of both capillary and 
springtubing, butinrecent monthshas actually 


made real strides in quality. 


| The first requirement for good capillary is Photomicrograph—or enlarged 
reproduction—of cross-section to 
| the condition of the inside diameter—the bore. show quality of capillary bore. 


| Size .060" OD x .007" ID. 
| It must be round, clean and free from radial : 


cracks. Also, it must be produced in long 


| many installations. 
Summerill capillary tubing is regularly pro- 
duced in Stainless, Low Carbon and Copper- 
Clad Carbon Steel analyses. Other analyses on 


special order. 


Although our present produc- 
tion facilities are devoted to 
tubing for National Defense, 
we have a special staff working 
exclusively on development of 
new tubing applications. If you 
too are interested in research 
on new designs and new pro- 
ducts, this staff is available at 
your call to assist. 


| 
lengths, so that splicing is eliminated for 
| 
| 
| 
















A single length of Stainless - 
, Affiliated with Edgar lary 1830 feet aie Size reb. | 
T. Ward's Sons Co. TAS o : 


| | COMPANY 


CAMA )RIDGEPORT, Montg. Gos, PA 
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€ When a machine has Complete Speed Flexibility, 
you can quickly break through to new objectives in 


defense production... 





DRILL PRESS EQUIPPED 
WITH REEVES MOTODRIVE 


Size of drill, gauge and hardness of metal 
—all influence the speed at which a drill 
press should be operated, for best re- 
sults. Presses with inadequate speed con- 
trol are obviously limited in capacity and 
variety of work. On the other hand, the 
radial drill press as shown above, rebuilt 
by the Louis E. Emerman Co., Chicago, 
and equipped with a REEVEs Vari-Speed 
Motodrive, is so versatile and flexible it 
is running continuously in a big arma- 
ment plant. The “switch over” from one 
job to another is effected merely by turn- 
ing a handwheel. The exact speed is so 
easily attained that REEVES-equipped ma- 
chines are widely preferred by manage- 
ment and operators. 


SPEED OF A Шосе, 


MAY BE AS IMPORTANT AS THE 


CUTS TIME FROM 60 
HOURS TO 42 MINUTES 


This spar milling machine (above) with 
REEVES Transmission and Electric Re- 
mote Control, built by Farnham Manu- 
facturing Co., Buffalo, N. Y., now does 
in 42 minutes work that used to require 
60 hours. On each spar milled, the sec- 
tion varies from end to end. By means of 
the REEVEs Transmission the feed can be 
adjusted to conform to the various sec- 
tions and optimum results can be ob- 
tained at all points, gradually and with- 
out stopping the machine. On high speed 
milling any jerk in the feed damages 
the cutters, which run at 3500 r.p.m. with 
feeds up to 240 inches per minute. 


NEW RECORDS SET 
IN CLEANING SHELLS 


Munition shellsare blasted with abrasives 


j 
4 


NEED HELP? This company maintains a nation-wide staff of factory-trained speed control — 
engineers, located in strategic industrial centers. Their advice and counsel is offered, without 
obligation, to help speed our defense program. Write, wire or phone REEVES PULLEY CO, _ 








to clean thoroughly exterior and interior 
surfaces and, naturally, the speed of the 
conveyor carrying the shells through the 
machine must be accurately timed for 
different shell sizes. This new American 
Foundry Equipment Shell Blasting Ma- 
chine is accordingly equipped with a 


Reeves Vari-Speed Motor Pulley which 
provides any speed desired and new rec- 
ords for fast processing. No changing of 
gears, belts, or pulleys is necessary. 

E 


REEVES PULLEY COMPANY 


Recognized Leaders in the Specialized Field of 
Speed Control Engineering 


COLUMBUS, INDIANA 


REEVES z2 SPEED CONTROL 
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This Gisholt No. 12 Hydravlic Automatic 
Lathe with Timken Bearing Equipped spindle is machining forged 
steel (SAE 4150) Diesel engine injector bodies. It does an all-over 
job in one operation in a floor-to-floor time of 6 minutes. The same 
work previously necessitated 2 operations requiring a floor-to-floor 
time of just over 10 minutes. Thus machining time has been cut 
42%; production stepped up 72!/,%. To achieve the same results 
by the previous method, 2 of the older type machines would have 


been required. 
The increased production made possible by the single Gisholt Lathe 


not only satisfies assembly line demand, but releases greatly needed 
floor space and man power for other work. 


TRADE-MARK REG. U. S. PAT. OFF 


TAPERED ROLLER BEARINGS With manufacturers constantly on the alert to take advantage of 


the advantages offered by modern Timken Bearing Equipped machin- 








Manufacturers of Timken Tapered Roller 
Bearings for automobiles, motor trucks, ery the success of the National Defense Program is assured—and 
railroad cars and locomotives and all so is the future of American industry. 

kinds of industrial machinery; Timken 

Alloy Steels and Carbon and Alloy Seam- 


less Tubing; and Timken Rock Bits. THE TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO 
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In this age of manufacturing, industry is con- 
stantly on the hunt for better, lighter, stronger, 
cheaper or more accessible materials. 

Steel Castings are meeting these requirements 


—more of them every day. 


In many industries, steel castings are proving 
to be the most economical and practical way to 


secure the unquestioned advantages of steel. 


STEEL CASTINGS 


Bring You These / Advantages 


Uniform Structure 
for strength and shock 
resistance. 


ishing costs, better ap- 
pearance. 


High rigidity, accu- 
rate alignment, mini- 
mum deflection, better fit. 


Metal distributed for 
strength with mini- 
mum weight. 
Readily weldable in 
Wide range of physical composite structures. 
properties. 
High fatigue resist- 
ance, longer life, ideal 
for critically stressed parts. 


Good Machining 
qualities — lower fin- 


MODERNIZE AND 


Do You Want to Build 
Do You Want to Red 








A Better Product? 
uce Your Costs? 


For steel is an adaptable material. Its ap- 
plications in industry cover the entire range 
of manufactured goods, and the machines 


which make them. 


And because of the unusual technical co- 
operation within the Steel Castings industry, 
there is a constant free exchange of ideas and 
experience. Secrets have been shared. Technique 


has been constantly improved. 


As the direct result of this enlightened working 
together as an industry, new designs and new 
methods have been perfected, to improve your 


product and reduce your costs. 


To secure the benefit of the knowledge and 
experience which is aiding so many manufac- 
turers, you have only to consult your local 
foundry, or write to Steel Founders' Society, 920 
Midland Bldg., Cleveland. Please feel free to 


call upon our industry—there is no obligation. 





IMPROVE YOUR PRODUCT WITH 







Wi you're answering the appeal to "give us 
tools", give everything that ought to go with them. Into 
every machine you design and ship for defense produc- 
tion, at home or abroad, build the proper Veeder-Root 
Counting Device that will help users to get the utmost 
in quantity and quality of output. And no matter what 
type of machine you build, there are mechanical, and 
electrical Veeder-Root Counters to provide a running re- 
port on production ... show where adjustments can be 
made, time saved and quality improved. So be sure to 
give complete tools, equipped to make every stroke of 
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work count to the utmost. And on any such priority 
work, we are ready to help you now. 


VEEDER-ROOT 


INCORPORATED 
Hartford, Connecticut, U. S. A. 


OFFICES IN: Boston, Chicago, Cincinnati, Cleveland, Detroit, 
Greenville, S. C., Los Angeles, New York, Philadelphia, Pittsburgh, 
St. Louis. San Francisco, Montreal, Buenos Aires, Mexico City, Lon- 
don, Paris, Tokio, Shanghai, Melbourne. 


In England: Veede--Root Ltd., Croydon, Surrey 
In Canada: Veeder-Root, Canada, Ltd., Montreal 
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Моге Тһап 30 Alloys 


ON DECEMBER 11, 1911, the Lebanon Steel Foundry 
was organized by the two men who still head it — W. H. 
Worrilow, President and T. S. Quinn, Treasurer. Lebanon's 
thirty-year study of foundry practice (domestic and 
European)... Lebanon's thirty-year development of 
alloys for wider and wider ranges of casting application 
... today make Lebanon the choice of those who insist 
on fine craftsmanship and expert design. 

The famed Circle (T) now marks castings made in 
more than thirty different alloys. These Lebanon Steels 
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Lebanon Offers 30 Years Experience...and 


LEBANON Stainless and Special (Шү STEEL CASTINGS 





for Steel Castings 


cover a broad range of appiications in many fields. 

The right men using the right methods for the right 
kind of American defense—that is the immediate picture 
at Lebanon. Meanwhile, Lebanon metallurgists are 
studying future applications for stainless steel castings 
...and are ready to discuss significant developments 
with forward looking organizations. 


LEBANON STEEL FOUNDRY - LEBANON, PA. 


ORIGINAL AMERICAN LICENSEE GEORGE FISCHER (swiss CHAMOTTE ) METHODO 





































In 1921, NORMA-HOFFMANN introduced the Cup 
Mounting —the forerunner of all.self-protected ball 
bearings. From this, through progressive stages (as 
shown above) has evolved the NORMA-HOFFMANN 


"CARTRIDGE" BALL BEARING —an ultra-modern thre 


dir 
type embodying 30 years of PRECISION BEARING ious 
manufacture and offering to industry the following oon 
distinctive advantages: 

SIMPLER AND MORE ECONOMICAL MACHINE 

DESIGN, due to elimination of many costly mounting 

parts and machining operations, otherwise required; 

EASIER AND FASTER MACHINE ASSEMBLY AND 

DISASSEMBLY, since the “CARTRIDGE” BEARING is 

an integrally sealed unit needing no complementary 

mounting parts; 100% GREATER GREASE CAPACITY, 

due to double-row width creating a greatly enlarged 

grease reservoir; COMPLETE AND LASTING EXCLU- 

SION OF DIRT AND FOREIGN MATTER by the use of 

tightly fitting, wearless, all-metal seals; SEALED FOR 

ANY POSITION, since the seals retain the lubricant 

regardless of shaft angle; EASY REGREASING AND 
| INSPECTION WITHOUT DISMOUNTING, by means of Polyp 
| refilling plug and removable seals. us 
oW | 
Write for the Catalog. Submit your bearing problems for study used 
and recommendation, without obligation. NORMA-HOFF- э 
MANN sales and service engineers, and distributors in principal а 
cities stocking ‘““CARTRIDGE”’ BEARINGS, are at your service. Polyp 
i Som 
VRMA-AVFFMAN i 
erar 
І veyo 
CARTRIDGE = 
appl 
mot 


BALL BEARING 


PRECISION BALL. ROLLER and THRUST BEARINGS 


NORMA-HOFFMANN BEARINGS CORP'N., STAMFORD, CONN., U.$.A. * FOUNDED 1911 
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[| motors may be broadly divided into 
three general classes: lyphase, single-phase, and 
direct-current. The following outline shows the var- 
ious subdivisions and the Wagner type letters which 
apply to them. 


1. Polyphase 
A. Squirrel-Cage Rotor 
1. Low resistance Type RP-1 
2. High reactance Type RP-5 
3. High resistance Type RP-6, RP-7 
B. Wound Rotor 
1. Low resistance Type RS 
2. High resistance Type RT 
3. Synchronous Type RN 
2. Single-Phase 
A. Wound Rotor 
1. Repulsion start Type RA 
2. Repulsion-induction Type RG 
B. Squirrel-Cage Rotor 
1. Capacitor-start Type RK 
2. Split-Phase-start Type RB 


3. Direct-Current 


A. Wound Rotor 
1. Compound-Wound Type RD 


Polyphase Squirrel-Cage Low-Resistance (1/6 to 400-hp) 
Because of its simplicity, rugged construction, and 
low cost the RP-1 motor is the most popular type 
used in industrial plants. It has sufficient starting- 
torque for operating machine tools, fans and blow- 
ers, centrifugal pumps, some types of compressors, 
and many other kinds of machinery. 


Polyphase Squirrel-Cage High-Reactance (1-1/2 to 125-hp) 

| Some applications require motors of higher starting- 
torque than obtainable in RP-1 motors. Typical 
examples are crushers, plunger pumps, belt con- 
veyors starting under load, large air compressors, 
large refrigerating machinery, mixers, etc. For such 
applications Wagner builds a high starting-torque 
motor with high-reactance rotor, known as type RP-5. 
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Polyphase Squirrel-Cage High-Resistance (1/2 to 150-hp) 

The motors discussed thus far are not suitable for 
operating machines having heavy flywheels because 
these motors will not permit the flywheels to deliver 
enough of their stored energy during the punching 
or drawing operation. For these applications Wag- 
ner builds RP-6 motors with high-resistance rotors. 
During the working part of the cycle, the motor 
speed drops considerably and allows the flywheel to 
do its work. High-resistance rotors are also used in 
RP-7 (1 to 50-hp) elevator motors, which are used 
on low-speed elevators, hoists, dumb waiters, etc. 


Polyphase Wound-Rotor Low-Resistance (1 to 250-hp) 

There are two reasons for the existence and applica- 
tion of motors of the Wagner type RS. First, since 
the rotor winding is connected to slip-rings making 
it easy to connect a high external resistance in the 
rotor circuit, it is possible to obtain extremely low 
starting-currents without impairing the running 
performance. Second, by introducing resistance in 
the rotor circuit of an RS motor it is possible to 
obtain speeds from 50 to 97% of synchronous speed. 
This method of speed control is satisfactory when the 
load is constant. For obtaining different speeds on 
applications where the load varies, Wagner recom- 
mends the use of polyphase squirrel-cage multi- 
speed motors, type MRP, which may be obtained 
with two, three, or four speeds. 


Polyphase Wound-Rotor High-Resistance (40 to 100-hp) 


The air-conditioning industry sometimes requires 
motors which must have higher starting-torques 
and lower starting-currents than can be obtained in 
good squirrel-cage motors. For such applications 


the Wagner RT motor was developed. The char- 
acteristics of unusually high starting-torque and 


exceptionally low starting-current are accomplished 
by using a high-resistance secondary winding which 
is permanently short-circuited. 


Polyphase Wound-Rotor Synchronous (7-1/2 to 200-hp) 
Wagner Synchronous **Fynn-Weichsel" motors, type 


RN, differ from conventional synchronous motors in 
that they have starting characteristics like RS motors, 


50 YEARS OF SERVICE 


c This year Wagner cele- 

1891 • 1941 2 brates its fiftieth year of 
service to industry and 
the home—as a manufac- 
turer of motors, 
and fans of the 






trans- 


MOTORS * 


highest quality. 





TRANSFORMERS * 





do not have separate exciters, and have simple start- 
ing devices. The RN motor is the ideal motor to 
install where power factor needs correction because 
it not only improves the power factor but also ban- 
dles the toughest job to be found. 


Single-Phase Wound-Rotor Repulsion-Start (1/8 to 15-hp) 

For single-phase circuits there is no better motor 
than the Wagner RA repulsion-start induction motor, 
which starts as a repulsion motor with high starting- 
torque and low starting-current, and, upon approach- 
ing operating speed, is automatically converted into 
an induction motor. With few exceptions, if single- 
phase current is involved, the RA motor is the 
logical choice. 


Single-Phase Wound-Rotor Repulsion-Induction (1 to 5-hp) 


Filling-station compressors are often operated in 
cold locations under weather conditions which con- 
geal the oil in the compressor crankcase and may 
increase the load until it is double its normal value. 
For such applications Wagner produced the RG 
motor which is a brush-riding machine with a 
squirrel-cage to limit the idle speed. This type of 
motor will carry any load which it can start and is 
ideal for filling-station compressor applications. 


Single-Phase Squirrel-Cage-Rotor Capacitor-Start (1/6 to 1-hp) 


In order to meet a competitive situation Wagner 
builds the RK motor, which is a capacitor-start 
induction machine. 


Single-Phase Squirrel-Cage-Rotor Split-Phase-Start (1 /20to1 /3-hp) 
The cheapest type of single-phase motor is the RB 
split-phase machine. It is recommended for appli- 
cations where the starting duty is light and the 
period of acceleration is short. The RB-5 (1/6, 1/4 
and 1/3-hp) is a special service motor intended for 
washing machines, mangles, etc., which operate 


only for a short period of time at infrequent inter- 
vals. The RB-5 motor should not be used on jobs 
which operate continuously. 


Direct-Current Wound-Rotor Compound- Wound (1/6 to 3-hp) 
Wagner also builds direct-current type RD motors, 
which are still required in some locations, 


Send for Bulletins MU-177, MU-179, 
MU -182 describing WAGNER Motors 


M41-30 


Wagner Electric Corporation 


6400 Plymouth Avenue, Saint Louis, Mo., U.S.A. 
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"UNBRAKO" 


= Knurled Socket Head Cap Screws 


Yes ... the head has it, and it's KNURLING—famous 
"Unbrako" feature for years and at no extra cost! 
Today the speed-up advantages of KNURLING are 
being realized more than ever before. Dry or greasy 
fingers gear right to dry or greasy knurls and prevent 
annoying time-wasting slip—be it a job of assembling 
or adjustment. And the KNURLING also permits quick, 
easy locking of the screw after countersinking. 


“UNBRAKO” Knurled Self-Locking Hollow Set Screws 


No less famous is the self-locking feature of "Unbrako" Hollow Set Screws . . . and once again it's KNURLING that does the trick by 
locking the screw firmly in place after having been pulled up with no more than average pressure. No matter how severe the vibra- 
tion, you can count on the "Unbrako" Self-Locker to stay set! Yet it's easily applied or removed and can be used repeatedly. 


Be sure to make your next order "UNBRAKO". You'll find it pays in many ways. 


STANDARD PRESSED STEEL Co. 


inated with '"UNBRAKO'' yeors ago. JENKINTOWN, PENNA. Box 545 


— агас — 


BOSTON + DETROIT + INDIANAPOLIS + CHICAGO + ST. LOUIS + SAN FRANCISCO 


VALEAT P 


The KNURLING of Socket Screws orig- 





Reg. U. S. Pat. Office 
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THE OPERATING AND MAINTENANCE 
ELECTRICIANS VOTED C QURRE T] 


SQUARE D COMPANY............... -— 1. 
COMPANY A... 

COMPANY B 

COMPANY C 

COMPANY D 

COMPANY E 

COMPANY F 


€ One of the largest automobile plants recently 
made comparative tests of all makes of magnetic 
starters. Size 1 combination starters with disconnect 
switch were used. The tests were made under the 
supervision of the chief electrician and his assistant. 
The Starters built by the seven leading manufac- 
turers passed with varying degrees of merit. 


The chief electrician, wisely, wanted the inde- 
pendent opinion of the men who actually install, use 
and repair the electrical equipment. Five of his best 
men, two from the construction and three from the 
maintenance department, were asked to examine 
and rate the seven starters on the basis of (1) over- 
load relays (2) disconnect switch (3) cabinet con- 
struction (4) contact mechanism and rupturing capac- 

[1] Thermal overload relays of Melting Alloy type. Pat- йу ола (5) accessibility of parts. The best | equal 
ented unit construction prevents faulty installation and starter for each feature was scored with 20 points; 
permits factory test. Units are clearly marked and easily the others were penalized a relative number of 
exchanged. points. The results (as shown in chart above) speak 
© Motor circuit switch with quick make and break for themselves. 


action, visible blades, line terminal guard and cover h's the elecirician in the factory who knows how 


safety interlock. 4 

: à control apparatus performs year in and year out. 
є Cabinet of heavy gauge sheet steel with felt cover is Me feb; t6 1 ub dicen "s wh 
gaskets (NEMA 1A), provisions for padlocking, rounded я в роо то коресн d reprace pa uen ге- 
cover, and baked machine blue enamel finish with quired—above all to avoid costly shut-downs. These 
aluminum interior. plant electricians prefer Square D electrical equip- 


Q Contact mechanism has straight line, vertical action ment of all types and kinds. 
with double break silver contacts in an enclosed arc 
chamber to provide high rupturing capacity. 


© Accessibility of parts is accomplished without sacri- 
fice in size. Removal of two screws permits armature 
assembly and yoke bar to be taken off, exposing all -— R U d R = LI E. Пп M B Е МҮ 
parts for inspection or normal maintenance. 
DETROIT- MILWAUKEE-LOS ANGELES 
KOLLSMAN INSTRUMENT DIVISION, ELMHURST, NEW YORK 
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ELDORADO MAGIC! 


Next to the man himself, the pencil plays the biggest part 
in creating drawings from which clear blueprints come. If 
there is magic in this, call it “Eldorado” magic. Сә, 
The drawing forecasts the blueprint, as in some magic 
crystal ! j 
Great drawing pencils come їп 17 degrees of hardness 
of lead,—so does Typhoníte "Eldorado." But no other | M 
drawing pencil has Typhonite leads. Typhonite is created Р 


in a literal whirlwind from natural graphite. There is no 





TYPHONITE 








stopping the whirlwind and there is no stopping Dixon 
Typhonite “Eldorado” as it whirls along far in the lead. 


£LDORADO PENCIL SALES DEPARTMENT 20-JI2 * JOSEPH DIXON CRUCIBLE CO. . JERSEY CITY, N. J. 
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ADDS A LUXURY NOTE TO THE DASHBOARD... 


Smooth and lustrous, with all the rich color 
and grain pattern of a fine cabinetworker's 
masterpiece—that’s a quick description of this 
automobile radio grille molded of Resinox, 
Monsanto’s phenol- formaldehyde molding 
compound, by Bay Manufacturing Division, 
Electric Auto-Lite Company. 

Designed as an integral part of the dash- 
board, to simulate beautifully grained mahog- 
any, it adds a new note of luxury to one of 
the most beautifully styled, popular-priced cars. 

But that’s just half the story. 

Here, as in nearly all the jobs for which 
Resinox is enlisted, important production 


economies were achieved at the same time 
new beauty and style were added. The grille 
emerges from the mold practically ready for 
installation with little finishing and no further 
assembly operations needed. 


For more information on Resinox, its future 
possibilities in your products, and the names 
of competent molders, inquire: MONSANTO 
CHEMICAL COMPANY, Plastics Division, Spring- 
field, Massachusetts. District Offices: New York, 
Chicago, Detroit, St. Louis, Birmingham, San Fran- 
cisco, Los Angeles, Montreal. 


THE FAMILY OF SIX MONSANTO PLASTICS 


(Trade names designate Monsanto's exclusive 
formulations of these basic plastic materials) 


LUSTRON (polystyrene) * OPALON (cast phenolic resin) 
NITRON (cellulose nitrate) * FIBESTOS (cellulose acetate) 
SAFLEX (vinyl acetal) * RESINOX (phenolic compounds) 


Sheets * Rods * Tubes * Castings * Molding Compounds 


Vuepak, Rigid Transparent Packaging Materials 


December, 1941 
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Precision built...great in capacity... Hyatts are 
helping to lighten the loads of all mechanized 
defense equipment. 

Meanwhile, Hyatts still are serving in their 


3 
regular, and now more essential than ever, role EE 
of keeping free from bearing wear and care FREE TO MACHINE DESIGNERS 

. . » HYA1T GEAR THRUST CALCULATOR 
the machinery which produces this defense © E mer for deste and en 


letterhead — address Advertising Depart- 


equipment. Sian А сола сйс», 

Therefore remember, today as always, that | 
where the loads are heavy and the going is 
tough you can depend on Hyatt Roller Bearings 
for any application. 





I ROLLER BEARINGS 
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“TORRINGTON NEEDLE BEARINGS ARE ‘BLITZING’ FRICTION LAG 
in many Pierce Governors where the critical demands of defense 
needs require friction-free operation,” says Maynard L. Heacox, 
of the Pierce Governor Company. Pierce Governors are being 
used today to control power for defense in tanks, trucks, search- 
lights, field radio apparatus and in many other important ap- 
plications such as that shown above on a LeRoi gasoline engine. 





“TO MEET RIGID WEIGHT AND SPACE LIMITATIONS, Torrington 





Pierce Governors,” adds Mr. Heacox. Here these compact 
bearings occupy no more space than ordinary bushings, yet 
substantially reduce oscillation friction. 







Perhaps a small, lightweight, anti-friction 
bearing can give your product valuable 
advantages. Remember that Torrington 
Needle Bearings take no more space than 
bushings, yet provide exceptionally high 
load capacity with a minimum of wear and 
attention. Write for Catalog No. 108 and 















New York Boston Detroit 





Philadelphia 
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TORRINGTON NEEDLE BEARINGS 
SIMPLIFY DESIGN, 


REDUCE FRICTION 


Needle Bearings are also used on the flyball weight pivots of 





THE TORRINGTON COMPANY, TORRINGTON, CONN., U. S. A. 


Makers of Needle and Ball Bearings 


FOR PIERCE GOVERNOR 


LOW INITIAL COST, EASY INSTALLATION and efficient lubrication 
are three of the many advantages obtained by Pierce Governor 
through the use of Needle Bearings on valve and rocker shafts. 
The precision-ground rollers and hardened outer race of these 
bearings form a self-contained unit that is speedily, inexpen- 
sively installed. And maintenance cost is low because lubricant 
is retained by the turned-in lips of the race. 


FAVORABLE WEIGHT DISTRIBUTION, too, makes Needle Bearings 
ideal for weight pivot work, according to Mr. Heacox. The 
many linear inches of contact made possible by this bearing's 
numerous rollers provide an exceptionally high radial load ca- 
pacity in proportion to its size. 






find out the complete details about this 
compact, low-cost bearing. Our Engineer- 
ing Department will be glad to answer any 
questions. For information on Needle Bear- 
ings to be used in heavier service, write our 
associate, Bantam Bearings Corporation, 
South Bend, Indiana, for Booklet 104X. 


ESTABLISHED 1866 


Cleveland Chicago Los Angeles London, England 


TORRINGTON NEEDLE BEARING 
































ICKERS 


Gear Type FLUID MOTORS 


DEVELOP ROTARY MECHANICAL POWER FROM OIL HYDRAULIC PRESSURE 


VICKERS 
Exclusive Hydraulic 


Balance Construction 


Meam 
(1) 
LONGER LIFE 


(2) 

HIGHER EFFICIENCY 
(3) 
GREATER PRACTICAL 
OPERATING PRESSURE 


(4) 


MORE COMPACT 


Vickers Gear Type Fluid Motors provide a 
compact efficient means for applying variable 
speed rotary power. They have variable horse- 
power (fixed torque type) characteristics; they 
can be reversed and controlled readily by 
other Vickers Hydromotive Control devices 


in the circuit. 


The schematic diagram shows how Vickers 
patented “Hydraulic Balance” construction is 
applied to Vickers Gear Type Fluid Motors. 
This “Hydraulic Balance” construction and its 


advantages are available on no other fluid motors. 


Here is further evidence of the engineering 
development and research that assures the 
unique performance of all Vickers Hydro- 


motive Equipment. 


VICKERS Incorporated 


1454 OAKMAN BLVD., DETROIT, MICHIGAN 





Bearing Loads are 
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ICKER$ Üffers Complete Hydraulic 
Balance, Both Radial and Axial, 


to Eliminate Pressure Loads 





Foot Mounted, 2 Mounted, 
Side Ports ind Ports 
See Bulletin 40-23 for complete information | 
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SELF LUBRICATING BRONZE BEARINGS 
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SUBSTITUTION 


offers an unusual opportunity 


to IMPROVE 


As the big job of arming the nation strains the resources 
X the country, many manuíacturers are finding it necessary 
to seek substitutes in the production of their product. This 


does not necessarily mean a compromise with quality . . 


rather, it offers an unusual opportunity for improvement. 
N CW C ata / 0 G He Consider the use of Johnson LEDALOYL, a patented, 
Listi 2000 si { self-lubricating bronze . . . the newest development in powder 
EE EEDALO'TL loc which metallurgy. Within the past year LEDALOYL has supple- 
we have tool and die equip- mented small but important parts formerly made from zinc 
ment. This inciades plein ... Steel... other metals and materials. In practically every 
flanged endeslf-cliguine ә case there was a distinct improvement in performance . .. 
i i longer life . . . economy. 
. Write f Б : à 
— aa An exclusive process of PRE-ALLOYING the basic 
materials of LEDALOYL provides uniform structure . . . uni- 


form strength . . . dependable lubrication . . . the addition of 
lead as an integral part. These are but a few of the many | 
factors that contribute to the unusual performance of I 


LEDALOYL. Write today for complete details. 


JOHNSON BRONZE COMPANY 


Sleeve Bearing Headquarters 
508 S. MILL STREET NEW CASTLE, PENNA. 
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— UNITS 


e 
Whether you're on direct 
defense work, or designing 
equipment to speed defense 
production — if heat is in- 
volved, consider electric 
heat. 

You have no time to ex- 
periment. Fortunately, there 
may be no need to experi- 
ment. The probabilities are 
that the research and experi- 
mental development on your 
electric heating problem 
have already been done, and 
the records and results are 
on file in our engineering 
department. 

This data is at your serv- 
ice, with the cooperation of 
a corps of electric heating 
experts whose record oi 
achievement is fully equal 
to that of Chromalox units. 
Check with these specialis:s 
on your heating problem— 
they may save you time, 
worry and expense, besides 
insuring the selection of the 






















ALLIANCE 
MODEL “K” MOTOR 


К ОН | 


Gy 
for 1000 uses! 


"E UP TO 1/100 H. P. UNDER CONTINUOUS at EA 


Scores of uses such as driving fans, movie projectors, and other light 
home appliances, powering toys, motion displays, switches and con- 
trol systems—these and many other applications have proved the last- 
ing dependability of Alliance's line of inexpensive small motors. 


The recently designed, Model K shaded pole induction motor, illus- 
trated above, is the last word in efficient small motor design. When 
quantity warrants, this motor can be furnished with variations to 
adapt the basic motor to a specific application. Model K can be pro- 
duced in all standard voltages and frequencies with actual measured 
power outputs ranging upwards to 1/100 H.P. Greater outputs can 
be obtained, when used for intermittent duty only or where forced 
ventilation is provided. A two pole design is employed with no load 
rotor speeds of approximately 3450 R.P.M. 





Finest materials and precision manufacturing assure long life and 
freedom from breakdowns. 





Write today for further information. Address Dept. G. 


ALLIANCE MFG. CO. * ALLIANCE, OHIO 


Stackpole Offers You Facilities to 
Immediately Produce 


SMALL PARTS and SUB-ASSEMBLIES 


for Your Defense Contracts 


Our entire resources are avail- 


right electric unit for the 
job, and the best means of 
its application. Write, wire 
or 'phone today. 


able for making small parts and 
sub-assemblies under your de- 
fense contracts and to help 
solve production problems in- 
volving Switches, Resistors, 
Iron Cores and other units for 


At Your Service 


© Bakelite Model- 
ing Equipment for 
parts and sub-as- 
semblies for equip- 
ment, instruments, 
etc. 


* 

"Tbe Cbromalox Book of 
Electric Heat" is praised by 
design engineers everywbere. 
It contains a wealtb of infor- 
mation. Mail tbe coupon 
witb your letterbead today. 


EDWIN L. WIEGAND COMPANY 


7535 Thomas Blvd. Pittsburgh, Pa. 
Send me the CHROMALOX BOOK OF ELECTRIC HEAT 
NU odo odo) rEOS ARAS V AEKA ann ее Pesiiien. ....... o eee 12 








use in radio and electrical in- 
struments, motors, etc. We in- 
vite manufacturers to share our 
experience and efficiency in de- pénis d 
signing and producing various sembly Equipment 
types of small units. Our engi- for production of 
neers will be glad to go into small parts. 

full details, without obligation. 


STACKPOLE : 


ST. MARYS, PENNSYLVANIA, 


© Complete Purch 
Press Dept. oper- 
ated by engineer- 
craftsmen. 


CARBON 
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WELD TIME 
CYCLES 


O THE LEFT is shown a "3C" Bulletin 7740 A. C. 
Magnetic High Speed Welding Contactor... It 
is specially designed to meet extreme, exacting 
service conditions in resistance welding applications. 


It features a light weight moving arma- 
ture, high speed closing with minimum 
impact, spring as well as gravity opened, 
large size duplicate, hard drawn copper 
contact tips... adjustable contact spring 
pressure, and adjustable contact gap. 
Write for fully descriptive Bulletin 7740. 


OFFICES IN PRINCIPAL CITIES 


THE CLARK CONTROLLER CO. 


1146 EAST 152'^ST. CLEVELAND, OHIO 


December, 1941 





Operating men like 
the way it stands up 
loads in hot 


The cast-iron frame 


appeals to metal work- under 


ers—it fends off fil- 


ings, chips, and acci- ceiling. 


dental blows. 


The dampness of wet- 
processing operations 


surroundings near the + doesn't faze this 
motor. In standard 


or splashproof types, 
it’s an excellent drive 
for such applications.. 


| 
4 
M 





ML: users are proving the case 


FOR TRIPLE PROTECTION..... MODERN DESIGN 


CTIONS speak louder than words. In the short 
time that they have been available, Tri-Clad 
motors have won a host of friends in a wide variety 
of industries because of the way they stand up under 
trying operating conditions. More significant, how- 
ever, than the extent of their use are the applica- 
tions in which Tri-Clad motors are seeing “‘front- 
line" service. Here are a few tough spots in which 
they are proving their mettle: 


On equipment which must operate in hot or damp 
surroundings, or where the motor is subjected. to 
flying chips or falling objects—extra protection 
against physical damage keeps these motors 
going in spite of this unavoidable abuse. 


On equipment responsible for vital defense produc- 
tion—extra protection against electrical break- 


GENERAL ® ELECTRIC 


down helps to assure continuity of operation 'round 
the clock. 


On equipment which must perform month in and 
month out without babying by the maintenance 
crew—extra protection against operating wear and 
tear prolongs the years of smooth, quiet service. 


On equipment which is expected to look attractive 
by virtue of smoothly contoured modern design, 
the functional styling of the Tri-Clad fits in per- 
fectly. 


Why not give Tri-Clad motors a chance to show you 
just what continuous, economical motor operation 
is? Next time you order a motor or a motor-equipped 
machine, specify Tri-Clad. General Electric Company, 
Schenectady, N. Y. р 





150-92-8068 








Plant men find Tri- 
Clad motors easy to 
maintain. Lubrica- 
tion features facili- 
tate quick oiling or 
greasing. Smooth con- 
tours can be readily 
cleaned. 


Tri-Clad motors are 
a cinch to install. 
Electricians like them 
because of the roomy 
conduit box and the 
permanently  identi- 
fied terminals. 


Machine builders and 
buyers both like the 
way that these motors 
blend in with the 
neat, attractive ap- 
pearance of modern 
machines. 


BUILT FOR PROTECTION FIRST...TO LAST! 
hu. 
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5 WAYS TO APPLY 


UR 
(locu Фай клен 
These G-E heaters are economical, 
long-lasting, and easy to install 






CALROD HEATERS 


Available in straight lengths or shaped to 
suit your application. Ratings and finishes 
for practically every job involving the heat- 
ing of liquids, soft metals, or metal surfaces. 
Easy to install and can be placed exactly 
where required. Heaters with allowable 
sheath temperatures as high as 1500 F 











CARTRIDGE HEATERS 


Highly suitable for heating process ma- 
chinery. Small enough to be put right at 
the spot where heat is needed. Drill a hole 
and insert heater right into the metal. 
Diameters from 3% to 1.293 inch—lengths 
from 11% to 81, inches. Temperatures up 
to 1200 F. 












IMMERSION HEATERS 












Most economical method of heating liquids. 
Heaters are of sizes and shapes to fit your 
machines. Permanently sealed to prevent 
the entrance of moisture. 






STRIP HEATERS 





Can be used as air heaters or as clamp-on 
units for metal surfaces. Enameled finish 
defies rust and corrosion. Available with 
various terminal arrangements, including 
offset construction that makes parallel con- 
nections easy. Temperatures up to 1200 F. 









FIN CALROD HEATERS 


Used for forced-air heating in ducts and 
process machinery. Copper-brazed fins 
provide low heat density and form a compact 
and durable heater. Constructed to permit 
bending into various forms without loosening 
fins or reducing efficiency. 















These heaters are easily installed in your machines, and they 
can be controlled automatically. The cleanliness, convenience, 
accuracy, safety, and economy of electric heat will please your 
customers. This means greater sales. 


G-E heaters are constructed for machine application. They | 


are reasonably priced. For full information, including prices, 


* WE USE 7} HIGH-TEMPERATURE 


СНАСЕ БЇМЕТАЇ 


IN THE ١ 
Safe UWL 
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Safe-D-Lite, “The light that goes OFF 
by itself.” The new wall light that requires no wiring 
hangs anywhere . . . light it—leave it—light 

goes out automatically . . . adjustable timing range 
from a few seconds to several minutes . . . uses two 
standard flashlight batteries. This manufacturer chose 
Chace Thermostatic Bimetal to assure dependable, 

| automatic shut-off. Today, more than ever before, 
| manufacturers depend upon Chace Thermostatic Bimetal 
| for the reliable automatic control of their products. 
| 
| 


W. M. CHAGE CO. 


1607 Beard Avenue - - - Detroit Mich. 











(Ww AUTOMATIC ELECTRIC RELAYS! 


Automatic Electric relays are world-famous for quality. 
Tested by time through years of exacting use . . . 
constantly improved by endless laboratory tests . . 
backed by the "know how" gained from 50 years of 
specialized manufacturing experience—these relays 
give you the superior performance and long life that 
mean genuine economy. 


The complete Automatic Electric relay line includes 
units for every operating condition. All are charac- 
terized by positive action and dependability—for 
which you pay no premium. 


Send for your free copy of our comprehensive relay 
catalog. 


ask the nearest G-E office for Catalog GED-650A. General 


Electric, Schenectady, N. Y. 


GENERAL (% ELECTRIC 


675 -37-8709 
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AMERICAN AUTOMATIC ELECTRIC SALES 
COMPANY 


1033 W. Van Buren Street, Chicago 


AUTOMATIC < ELECTRIC 


RELAY MAKERS SINCE 1898 
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FRACTIONAL HORSEPOWER 


Precision performance marks a champion of the 
ski-ways. And precision performance has made 
Dumore motors the champions of extra "Power 
Hours". On business machines . . . surgical and 
scientific instruments . . . household appliances... 
electric tools . . . delicate aircraft controls . . . 
wherever packaged power is needed for maximum 
performance with minimum size and weight, you'll 
find Dumore fractional horsepower motors setting 
records. Why not put a champion to work on your 
own power problem? A letter to Dumore engi- 
neers gets the right answer. There's no obligation. 


THE DUMORE CO., Dept. 331-M, Racine, Wis. 


SPECIFICATIONS 
FOR TYPE E2X MOTOR 


Voltage, 12 or 24; h.p. output, 1/ 30; 
r.p.m., 7500; continuous duty; explo- 
sion-proof; varying speed; weight, 2 
Ibs. 2 oz., bearings, grease-sealed ball. 
Conforms to Air Corps specifications. 
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FOR HIGH TORQUE, LOW 
MAINTENANCE AND ALL- 
ROUND PERFORMANCE 


These quiet motors 

are available in | 
ratings from 1 8- 

hp through 3 4- 

hp in all standard 

voltages and 

frequencics 





WHEN YOU NEED A MOTOR THAT 

ee has high torque, is quiet running, and 
has constant speed. 

ee is especially suitable for such machines 
as water pumps, compressors, beverage coolers, 
room coolers, stokers, unit heaters, refrigerat- 
ing equipment, and many other applications. 
5 does not interfere with radio reception. 
as requires no attention except for infre- 
quent lubrication. 


тҮҮ, will stay on the job day in, day out. 


CONSIDER THE GENERAL ELECTRIC CAPACITOR-MOTOR 


You can rely on it to give the sort of motor 
performance that you want. 

Our engineers will be glad to work with you in 
solving your motor problems. For this service, 
contact the nearest G-E sales office, or write 
General Electric, Schenectady, N. Y. 


And remember that there is a complete line of G-E 
fractional-hp motors. 


GENERAL { ELECTRIC 











_ NOW MORE THAN EVER 
ALAA HEALERS 


No Room for Error! 


GENERAL 
G 0N ТВ OLS relies 
on WILCO 


Thermometals 


“No compromise with quality” is a “must” with General 
Controls Co., maker of this sensitive thermometer- 
thermostat. And as the pioneer in use of bi-metals for 
thermometers as well as thermostats, it is only natural 
that General Controls relies exclusively on Wilco 
Thermometals. For commercial or defense purposes, 
you too will find that personal supervision of every 
order by Wilco principals assures maximum uniformity, 
minimum “rejects”. 

And just as Wilco meets these exacting requirements 
for thermometals to provide absolute dependability for 
temperature control—or reaction from temperature 
change—so do Wilco Electrical Contacts assure de- 
pendable service. For full information, write us today. 


The H. A. WILSON CU. 


105 CHESTNUT ST., NEWARK, N. J. 


Branches: Chicago and Detroit 


FENWAL THERMOSWI/TCH 


SELECTED Уи 





This rugged, compact heat control 
has been recently selected for its 
"extreme sensitivity" by a prominent 
manufacturer for incorporation in 
his tankless water heaters. It features 
a 1-1/10 differential and there is 
practically no Thermal lag. Perhaps 
this precise dependable Thermo- 
Responsive Switch is the answer to 
your heat control problem. May we 





tell you more about it? 
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Protection today... 


Progress tomorrow PNE х 







You would naturally expect this 
high-strength, workable, weldable cop- 
per-silicon alloy to be serving national 
defense in many ways. It is—in every | 
armed service, and in the production 


equipment of many war-vital industries. 


For good reasons, too! 


MENA THE AMERICAN BRASS COMPANY * WATERBURY, CONNECTICUT 






€verdur hull fastenings help keep Coast Guard 
and “PT” boats tight and secure against the sea. 
Sheet Everdur is also extensively used for fuel 
tenks and non-magnetic pilot house construc- 
tion in Coast Guard boots. 











HELPS TOUGHEN THE SINEWS 





OF NATIONAL DEFENSE 


DURING the past 15 years Everdur* has 
won for itself a high regard as the ideal 
metal for many tough industrial applica- 
tions. Its unusual resistance to corrosion, its 
superior welding properties, and tensile 
strength comparable to mild steel, have led 
to its use in industries of every character. 


Today, these same advantages have made 
Everdur essential to the Nation's program of 
defense . . . And, as you'd imagine, Everdur 
has enlisted for Uncle Sam on land, on sea 
and in the air in many varied ways...a 
few of which are mentioned in the para- 
graphs accompanying these illustrations. 


THE AMERICAN BRASS COMPANY 


Because the adaptability of Everdur has led 
to such widespread usefulness in the defense 
program, the ever-quickening tempo of ar- 
mament production means a corresponding 
step-up in the demand for this unique alloy. 


Needless to say, we are steadily increasing 
the production of Everdur Metal. Though it 
may not now be possible to obtain sufficient 
supplies for all commercial or non-defense 
requirements, one thing is clear: "Everdur" 
will come to be a name grown stronger with 
a Nation's strength—and in the peace-time 
future this group of copper-silicon alloys 
will find even wider fields of application. 


* General Offices: Waterbury, Conn. 















Because of its high strength and high en- 
durance limit, annealed Everdur 1010 tube is 
being used for aircraft gas and oil lines, as 

— well as high pressure hydraulic lines. 




















The ten-point metal of a thousand uses 


1. Tensile strength comparable to mild steel | | 


2. Corrosion resistance of copper 
At sea, strong, tough, corrosion-resistant 


3. Toughness and durability Everdur Metal is used to reinforce mine {| 


sweeper hulls, as tanks in submarines, and i 

4. High end limit luable # li ОНЕ À q 

. High endurance limit . . . valuable for applica- номан ото meuni. | 

tions involving vibration | 

5. Workable . . . can be cast, machined, drawn, Р М, : | 

rolled, spun, stamped, forged H i | 
—— 


6. Weldable by common methods 


7. Non-magnetic . . . important to manufacturers of 
electrical equipment t | 


8. Available in all commercial forms 
9. A "premium metal at a moderate price" 


10. An Anaconda Product... meaning top quality. . . 
that's Everdur, The American Brass Company's 
group of copper-silicon alloys! 


*Everdur is a trade-mark of The American Brass Company, 
registered in the United States Patent Office. 


ЕРТН 
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Research which developed © 


offers many other Copper-Base Alloys 


The Research Department of The American 
Brass Company has developed many of the 
copper-base alloys now in common use for spe- 
cial types of service. In addition, this research 
today is devoted to furthering the usefulness of 


Anaconda Metals to the defense program. The 
Technical Department of this Company is pre- 
pared to cooperate in determining the one best 
metal for a specific application and the correct 


procedure for its fabrication. 


PRINCIPAL PRODUCTS 
COPPER, BRASS, BRONZE AND NICKEL SILVER— SHEETS, WIRE, RODS, TUBES 


Beryllium Copper Condenser Tubes 
Brass Pipe Copper Tubes 
Brazing Solder Copper Tube Fittings 
Bronze Screen Wire Drawn Sections 

Bus Bars and Shapes Electrical Conduit 


Everdur Tank Plates Phosphor Bronze 
Extruded Shapes Pressure Die Castings 
Eyelets, Grommets, etc. Hot Pressed Parts 
Flexible Metal Hose Tobin Bronze Shafting 
Free Cutting Brass Rods Welding Rods 





MICRO SWITCHES 


Insure Precision Operation 


In These Compact Designs 


Empire Electric Brake Company, Newark, New Jersey, and the 
Sarco Company, Inc., New York City, both use Micro Switches 
because of their precise operation, absolute dependability, ex- 
tremely long life, and small size which permits compact design. 
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In the Magdraulic Electric Brake manufactured by the Empire Electric 
Brake Company, Newark, New Jersey, the Micro Switch is an important 
part of an efficient, safe, electrical brake system for trucks and trailers. 
When the lever of this control is operated it releases the pressure on a 
spring plunger Micro Switch and lights the tail light on the truck or 
trailer. The switch used in this manufacturer’s product is Type R-RS, 
fully described on Page 1.05, Micro Switch Catalog No. 60. 


@ It makes little difference where you look in industry, you will 


find the Micro Switch being employed in countless ways and on 
numberless products. 


If space is at a premium in your product, if very precise action is 
essential, if small movement and small energy are vital, if absolute de- 
pendability is a must," and millions of operations a definite require- 
ment, you will find a Micro Switch performs better and more econom- 
ically than any method you can devise for your particular purpose. 


The basic Micro Switch is very small—no larger than your thumb. 
It measures only 11/16" x 27/32" x 1-15/16" in size, weighs only 


an ounce, operates on pressures as low. as 1!'4 ounces and move- 
ments as low as .0002". 


In its Type LS1 Temperature Control, the Sarco Company, Inc. of New 
York, combines accurate indication with automatic control by means of 
a Micro Switch which is actuated at any desired temperature. Various 
types of Micro Switches are used depending on the type of circuit to 
be controlled. These switches may be the Type R-R, G-R or B-R, com- 
plete description and details of which will be found on Page 1.03 of 
the new Micro Switch Catalog No. 60. 


A.C. It can be supplied in a wide range of housings that will with- 
stand every operating shock; in lightweight aluminum housings for 
aircraft, in a sealed housing that is oil, water, and dust-tight and in 
an explosion-proof housing. There are actuators specifically de- 
signed for specific actuation. If your design calls for precision 
switching it might be well for you to seek the advice of Micro Switch 
engineers who are highly skilled in the solution of problems in- 
volving precision switching. 


The new Micro Switch Catalog No. 60 is 
more than a catalog. It is a complete handbook 
designed to help you apply precise snap ac- 


tion switches to your design. Your engi- Micro Switch 


A o 


This remarkable little switch is listed by the Underwriters’ Labo- 
ratories with ratings of 1200 V. A. loads, from 125 to 600 Volts 


MICRO 


fanufactured in FREEPORT. Illinois 


neers should have a copy. Send us a request. Te ee ar 


indicating man 
facture by Micro 


aii Switch Corpo- 
MS SWITCH im 


by Micro Switch Corporation 


Copyright 1941, Micro Switch Corporation 


Sales Offices: New York, Chicago, Boston 
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Sound Simplicity... 


This Simple Switch... 


handles 15 amperes non-inductive 
load at 115 volts A.C.* or V2 H.P. 
at voltages up to 460 A.C. under 
operating pressure as low as 4 
ounces with movement differential 
of only 1/1000". 


* D.C. model handling 2 K.W. 
without condenser also available. 
Write for new 1942 catalog. 


CANTON 





Is a Basic Characteristic 
of Mu-Switch 


That's why design engineers prefer this compact 
switch for applications that require sure per- 
formance. They appreciate the extra strength 
and dependability provided by its freedom 
from complex lever systems, compoundings 
and multiplicity of parts. 


And they recognize the essentially correct engi- 
neering of its one-piece spring snap action and 
its reverse, cross-center movement. 


A tree sample Mu-Switch, cut away to reveal its 
basic simplicity of design and construction, will 


gladly be sent on request. 


MU-SWITCH CORP. 


° MASSACHUSETTS ° U. S. A. 





Worm Drive Back Geared 
FLEA POWER MOTORS 


110 VOLT 


AC, DC, or Universal 










requirements .. . . Or Universa 


Low Cost.. 
production methods. . . . 


Technical e e c 
answer prices, specifications, and 
delivery dates. Any Quantity . . . 

Write for Motor Sheets 


SPEEDWAY MFG. CO 


2nd Avc Cicer 
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Motorize products, make them Automati ith Speed- 

Way Motors. سسا‎ 
Dependable 110V Miniature Motors . . . to your 
A.C., D.C 1, Сазе 


b йы ча or skeleton types, with or without back gears. .. 

d any speed or torque. Hundreds of thousands in use. 
+ Produced in volume by modern 
surprisingly inexpensive. 
. state your problems, we'll 
possible 
1 or 1,000,000. 








IN DESTRUCTIVE ATMOSPHERES 
Protect Your Production Line With 


Totally Enclosed 


Fan Cooled Motors 





hey are designed to safeguard 

the motor from the destructive 
effects of air that is fogged with 
metal cutting oils, or atmospheres 
containing abnormal quantities 
of metallic, abrasive, or other 
dusts — conditions that might ulti- 
mately destroy the insulation or 
clog the windings of a general 
purpose open motor. 

The fan inside the pressed steel 
fan housing produces a blast of 
air flowing between the cast iron 
frame and the laminations, that 
not only cools the motor but also 


keeps the large air passages 
clean. 


The modern, streamlined ap- 
pearance of these new motors 
matches the trend of present day 
equipment design—they are easy 
to clean outside. 

If atmospheric conditions are a 
problem in your plant, consult 
your nearest Century Motor Spe- 
cialist. His experience with similar 
problems may well save you time 
and money — and help to keep 
production rolling during these 
critical, high pressure days. 


CENTURY ELECTRIC COMPANY 


1806 Pine Street, St. Louis, Mo. 
Offices and Stock Points in Principal Cities 


{ 
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QUALITY MOTORS 


Peerless is equipped to handle large or small 
orders in standard or special designs. 







Every facility of our organization is at your 
command providing you with full cooperation 
and prompt action. Our expert engineering 
service guarantees you maximum efficiency, 
rugged design and trouble-free operation. 
Peerless has been building better motors for the 
past 48 years—always maintaining a quality and 
a performance unexcelled by any other motor. 


THE PEERLESS ELECTRIC CO., WARREN, OHIO 

























UT TO 
ORDER 





LL STYLES 
NY SIZE 


UP TO 
50" DIA. 









Р e ED n ALSO 
- GENEVA ES 
Take no chances on relays THE NEW G-M RELAY OTIONS 
for defense products—or for TYPE “J” | END BLUE PRINTS FOR PRICES 
regular products. There is ry, Type “J” Relay is | KUX MACHINE CO. 
no substitute for quality. small, compact, with ex- 3944 W. HARRISON ST. CHICAGO, ILL. 





tra power for such small 
size. 2 Pole or 3 Pole. 
designed to surpass. Engi- Contacts have self-clean- 


neered to meet severe re- ing “wiping” action. Re- | "E SCO" AND NATIONAL DEFENSE 


lay designed to meet air- 


The new Type "]" Relay is 


quirements, it provides ап craft requirements as to | Instead of making guns or shells 
even greater operating mar- humidity, temperature, “Esco” has stepped up production of 
gin for normal uses. and vibration tests. | 


| special motors, motor-generators and 
Write for Bulletin No. 612 converters over ten times. 


“Esco” is doi "All Out" job 
DEPEND ON . . . GM a 


ELECTRIC SPECIALTY CO. 


nies =‏ 
پت و 


LABORATORIES [NC. 


209 SOUTH STREET, STAMFORD, CONN. 
4309 NORTH KNOX AVE. CHICAGO, U.S.A. ` 
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IMPROVED PRODUCT 


AP mn experienced in profitably cultivating selected markets know that publication 


members of The Associated Business Papers are tops in their fields. They know that the 
A.B.P. symbol stands for honest, known paid circulation; straightforward business methods and 
editorial standards that insure reader interest. 


But A. B. P. members know that, in changing times, they cannot rest upon the laurels of past 
achievement or present recognition. This very year they have modernized the CODE AND STAND- 
ARDS OF PRACTICE upon which their service to readers has been founded. Guide-posts of ethical 
business paper publishing for 23 years, these Standards have been made stronger and more en- 
forceable than ever before. 


Read them and you'll understand the sincerity with which A.B.P. publications are constantly striv 
ing to improve their worth to readers . . . their value as advertising media. 


THE A.B.P. CODE AND STANDARDS OF PRACTICE 


The publisher of a business paper should dedicate his best efforts to (2 To, make available to all advertisers the prices of all space, preferred 
and specified positions, colors, bleed bis, inserts and services which 


the cause of business and social service, and to this end each mem- 
a publisher may offer, and to make no discrimination between advertisers as 


ber of The Associated Business Papers, Inc. pledges bimself: to prices, run-of-paper positions or terms or methods of payment for the same 
s amount and same kind of space used under the same t conditis and within 
1 To consider, first, the interests of the subscriber. the same period of time. 


б 1 / A 
2 To subscribe to and work for truth and honesty in all departments. € 3 To refuse to run any advertising copy in which any statement or repre- 


3 To endeavor to be a leader of thought in his editorial columns, and to make sentation is made which disparages or attacks the goods, prices, ser- 
his criticisms constructive. vices or advertising of any competitor or of any other industry, or which con- 
tains statements or claims about an advertiser’s own products or services which 


4 To encourage all constructive efforts to improve the standards and quality E : : P 
the publisher knows or has reason to believe are untrue or inaccurate 


of advertising. 


, | 1 1 
5 To avoid unfair competition. ( 4 Го promote and sell his own publication solely upon its merits; to 
. : c make no misrepresentations either the use of research data and sur- 

6 To determine what is the highest and largest function of the field which he 1 1 1 1 1 n" 
vey results, or otherwise; to employ nc advertising or personal selling 


serves, and then to strive in every legitimate way to promote that function. 17 tte 1 
methods which are unfair to other publications and advertising media 


Further, each member of The Associated Business Papers, Inc. shall ( 5 To make available to advertisers full information regarding character 


subscribe to and agree to conform to the following Standards of and extent of circulation, including detailed circulation statements, sub- 
P ti Ject to proper and authentic verification ; and to maintain effecti ve control 
таспсе: 


over circulation sales channels to the end that (a) subscr 
ited only from individuals and firms interested in the field 





ns will be solic- 


ndustry served 





€ To refuse to publish paid NL ups” and to measure all news by the 


standard: “Is it real news?" ; to publish no material in the editorial by the publication; (b) any pente offered — not be introduced into any 
pages as a consideration for advertising space; to refrain from the violation of sales combination to the extent that the p aper is bought mainly to secure the 
copyrights of other publishers and use every reasonable means to prevent premium; (c) the amount of commission paid salesmen shall not be so great 
publication of material which is the rightful property of another publication. as to encourage price-cutting to obtain a subscription order. 
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Member of The Associated Business Papers * Inc. 
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мч The same precise uniformity characterizes 


every Callite contact, whether you use one or one 
million, today or next month. This precision engi- 
neering, lightening the burden of today’s responsi- 
bility, wins and holds engineers’ confidence in Callite. 

In these times, delivery may not always be as 
prompt as you, or we, would wish. Nevertheless, we 
are prepared to furnish you with screws, rivets, com- 
posites, inlays or special forms — in tungsten, mo- 
lybdenum, silver and special alloys on near-normal 
schedule. We are also prepared to design and 
manufacture special contacts to meet your specific 


requirements. Consult us. 


Keep 'em rolling wi GI T.E 
CONTACTS 


ALLITE TUNGSTEN 


: CORPORATION 


550-39th STREET * UNION 











He's designing 
LONG, 
SATISFACTORY 


AMILIARITY with General Electric's three-way 
line of small-size Kon-nec-tors helps designers of 
electrical equipment give customers products that pro- 


| vide long, satisfactory service at low cost. For these 
| modern mercury contact devices, although inexpensive, 


may be operated millions of times with unvarying ef- 
ficiency, no flashing, and no sparking. They include: 





THE NEW “BUTTON” TYPE Kon-nec-tor, designed originally as 
a silent-operating wall switch, and adaptable to many types 
of use because of its unique compact size. 


2 THE LOW-PRICE GLASS Kon-nec-tor of the single-pole, single- 
throw type with a mercury-to-metal contact. The Kon-nec- 


tor can handle loads up to 5 amperes. 


THE “PELLET” TYPE of mercury contact, although only 3/8” in 
diameter and 7/16" long, has a 30-watt capacity on 12-16 
volts at 3 amperes. Has a multitude of uses. 


For further information about these low-cost G-E 
Kon-nec-tors, write or wire the address given below. 


NELA SPECIALTY DIVISION, LAMP DEPT. 


GENERAL (9 ELECTRIC 


410 EIGHTH STREET, HOBOKEN, N. J. 





PRODUCT ENGINEERING 





F-M MOTORS WITH THE 
COPPERSPUN ROTOR... 


€ Now is the time to give your motors a 
thorough physical examination. Can they be 
depended upon to stand up under today's 
greater demands? Find out before they fail... 
before they cause expensive delays. 

Then compare your motors with Fairbanks- 
Morse Motors having the Copperspun rotor. 
These F-M motors set a new standard of 
performance ... a standard that's in tune 
with today's production tempo. 

They are unrivaled in ability to stand up 
under the most severe plugging and revers- 
ing service. Why? Because they are the only 
motors having rotors with windings centrif- 
ugally cast in one piece of SOLID COPPER. 


Pronounced 
Physically 
Fit for 


And the characteristics of copper make it the 
ideal rotor material. Copper has high elec- 
trical and thermal conductivity (twice as 
good as aluminum), greater strength, and 
low thermal expansion. 

If dependable power is important to your 
operations, investigate these superior motors 
now. Write Fairbanks-Morse & Co., Dept. 
L-202, 600 S. Michigan Ave., Chicago, Ill. 

Branches and service stations 
throughout the United States 
and Canada. 


FAIRBANKS -MORSGE 


DIESEL ENGINES 
PUMPS 


ELECTRICAL MACHINERY 
FAIRBANKS SCALES 


RAILROAD EQUIPMENT — WASHERS-IRONERS STOKERS 
WATER SYSTEMS FARM EQUIPMENT AIR CONDITIONERS 


December, 1941 























from the Original by Allen Houser, Grandson of Geronimo 


Sabotaged... 
by Old Style Methods! 





* Stopped dead by primitive means... crude methods | 


are a charge in peace—in war a weak defense! 


RAYS by GUARDIAN 


Modern as tomorrow's airplane—Relays by Guardian | 


must be up-to-the-minute because they're specified on 
the planes of tomorrow as well as today’s Trainers— 
Fighters—Bombers—Tanks—for Transmitters —Turrets — 
Bombing Equipment—Fire Control—or practically every 
defense job you figure. 


Do you need Gun Switch Handles—Turret Controls— 
Relays that weigh less than 5 ounce—Double Pole, 


Double Throw Control (Thumb-size, one-ounce weight) | 


—Solenoids—or a two-pound Contactor to handle 1000 
amp. surges? 

WITH A TWO-YEAR START— GUARDIAN 
IS READY WITH TODAY’S DEFENSE 
CONTROLS—GOVERNMENT APPROVED! 


Planning for TOMORROW —there's a good chance we | 
have your 194? control on the shelf right now! When | 
the end of defense calls for increased sales in strongly | 


competitive peacetime markets, volume will only come 
if you're ready to offer the most fully automatic equipment 
you can design TODAY. 


Perhaps you've already begun. 
If so, we can help you. If not, a 
letter, blueprint or a visit to our 
plant will give you a big head- 
start on the field. 





Series BK — 16 Relay. Built to 


minimum tolerances and the 


FREE — initial Your Letter- 
head for Catalog **P". Write 


LARGEST LINE OF RELAYS SERVING AMERICAN INDUSTRY 


U. S. Signal Corps. 


GUARDIAN 


1629 West Walnut Street 


ELECTRIC 


Chicago, Illinois 





78 





[ 








eum e HYDRAULIC * FUEL OIL o 


most exacting requirements in | 
production quantities for the 
















TUTHILL PUMP COMPANY, 








Let 
EAGLE 


Solve Your 


PROCESS 
TIMING 
PROBLEMS 


+ 


А 
COMPLETE LINE 


Of Timing Devices 


For Every Industrial 
Application 


EAGLE 
SIGNAL CORP. 


Factory and General Offices 
Moline, Illinois 





UBRICATION © LIQUID TRANSFER 


Whether you are considering a design 
which includes coolant, hydraulic operation, lubrication or liquid transfer, it 
will pay you to get the facts about Tuthill precision- -built pumps. They are 
engineered for the job and can be furnished in various capacities from | to 
200 gallons per minute at pressures upto 350 psi. 

If the drive shaft reverses, Tuthill’s automatic reversing pump provides the 
onswer because it delivers from the same port regardless of shaft rotation. 

Automatic pressure releasing fecture is included in the Tuthill Model M 
coolant pumps. This permits the escape of chips or foreign matter without 
injury to working parts, and also compensates for wear. 

Tuthill provides stripped model pumps for direct incorporation into the 
design of any machine. All Tuthill pumps have a reputation for uniform 
quality, dependability and long life performance, backed by hundreds 
of thousands in use today. 


GENERAL CATALOG AVAILABLE ON REQUEST 


2 
TUTHILL PUMPS 





141 EAST 95th ST., CHICAGO, ILLINOIS 
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Standard 
dimensions, 
precision 
tolerances. 


| You'll have to 
- Split an Inch into Millionths. 


TO MEASURE THIS 
 SHAFT'S DEFLECTION 


MM9500 SERIES 


Large-bore com- 
pact for close 
spacing of larger 
20,000 to 30,000 
r.p.m. spindles. 


MM200WIX 


Extreme - preci- 
sion, preloaded 
duplex pairs, 
for internal 
grinding up to 
40,000 r.p.m. 
and more. 


Ball Bearings 


THE 


MOST 


COMPLETE 


BALANCED 


IN 


LINE 
AMERICA 



















THE MISS that Beats a Bull's-Eye 


WHEN DIRT MUST BE 
KEPT OUT OF BEARINGS 
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TYPE L TYPE G-LDB 
: Seal and Shield Com- TYPE 1D TYPE G-LLB 
Single Seal bination with provision Seal and Shield Double Seal with pro- 
for relubrication and Combination vision for relubrication 
alignment. and alignment. Mar 





Ball Bearings 


THE BALANCED LINE 


MOST COMPLETE IN AMERI! 


Typical installation with Hycon pump and pressure tank 
actuating 4 work cylinders 

he diagram shows a typical assembly of HYCON equipment. The 
yk cylinders (D) may serve any desired function such as the move- 
at of a brake, clutch lever, door, electric circuit breaker. To these, 
ydraulic pressure is applied in any amount up to the designated 
iit by the control valve (E). The energy for actuating the work cyl- 
lers is primarily derived from the pressure tank (C) and this in 
mis charged by the pump (A). The delivery from the pump is gov- 
ned by the suction control valve (B). The work cylinders on the 

n stroke discharge into the sump tank (F) from which the fluid 
pumped into the pressure tank and/or the work line. 


Y CON 


lends itself to many uses — 
here are just a few 


ycon operates the steering and braking mechanisms of heavy vehi- 
les including road, marine, air transport and track-laying tanks. It 
gulates speed and pressure in straight-line-movement mechanisms 
h as machine tools, processing and printing machinery, foundry 
d mill apparatus, and doors of all kinds . . . replaces electric sole- 
bids and low pressure compressed air engines . . . tests high pres- 
hose, lines and hydraulic devices . . . and provides for high 
issure lubrication of thrust bearings and the support of heavy loads. 


An invitation to engineers 
and executives 


ore you next design the control or control-actuating system of any 
hanism employing straight line motion, get the facts on Hycon. 
„Hycon can probably help you to achieve new operating efficien- 
les, new compactness of design, new accuracy of control, and 
reased machine capacity at lower costs. 
Many of the reasons why are implicit in the booklet recently pre- 
ed by Hycon and entitled, *Recent Developments in Systems for 
lydraulic Control of Straight Line Motion”. A copy is being held for 
bu. Please let us know where to send it. 


What are you lookin 
fur in control and 


control-actuating 
mechanisms ? 


PERFORMANCE? 


Hycon gives you pressures up to 3000 psi in so con- 
trollable a form that you can literally split a drop of 
working fluid under several thousand pounds. More- 
over, Hycon is always ready for action, intermittent 
or continuous ... ready with power drafts far in ex- 
cess of the pump’s capacity and independent of its 
operation—and with a supply of power for you to 
tap when the prime power source fails. 


ECONOMY? 


Hycon is light, compact, and economical in cost. It 
eliminates the need for constant pumping on appli- 
cations requiring intermittent operation and, within 
its working range, provides one of the highest ratios 
of power output to power input known in practical 
hydraulics. On one typical installation for example 
(the operation of a traffic fin) as much as 100 hp is 
supplied for fifteen seconds by the Hycon pressure 
storage tank and is replaced in 25 minutes by a 1 hp 
motor operating in connection with a Hycon pump. 


DEPENDABILITY? 


Hycon operates efficiently and without adjustment 
under all ordinary temperature conditions . . . is de- 
signed to eliminate such trouble breeders as gaskets, 
stuffing boxes and packing, non-metallic diaphragms 
and pipe threads...and operates so all moving parts 
are submerged in lubricant, and rubbing surfaces 
are hardened by nitriding or equivalent process. 


HYDRAULIC CONTROLS, INC. 


Division of The New York Air Brake Company 
Dept. 107, 122 South Michigan Avenue, Chicago, Ill. 


Hydraulic Controls, Inc., Dept. 107 

122 South Michigan Avenue, Chicago, Ill. 
Please send me my copy of *Recent Develop- 

ments in Systems for Hydraulic Control of 

Straight Line Motion" to: 


Company 


O ses stenstad sneer 
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, 4 buts he 15 no meres middleman 


Speaking from 30 years’ experience in selling only through the Distributor, The 
Allen Company affirms these facts to all who may be in doubt: 


THE INDUSTRIAL DISTRIBUTOR IS NO MERE MIDDLEMAN. 


HE IS THE LOCAL WAREHOUSER of the manufacturing supplier . . . BUT HE IS ALSO THE 
PROCUREMENT AGENT of his customer, the manufacturing consumer. 


FROM SCATTERED SOURCES he brings together specialized stocks, selected "^ foresight and 
knowledge of his customers' requirements. 


HE ADAPTS AVAILABLE SUPPLIES to his customers' needs, and adapts the customers' needs to 
the supply by technical advice in equipment change-overs or simplification. 


HE TAPS NOT ONLY REGULAR supply -sources, but often has an "inside line" on surplus tools, 
supplies and machines in other plants or stocks unknown to defense buyers. 


HE PLANS TO FORESTALL any shortages or delays that would vitally affect plant operations. 


BEING A BRINGER-TOGETHER of supply and demand, he serves as a short-cut to the procure- 
ment of every essential item whether in or out of his inventory. 


HE KNOWS NO HOURS short of 24-hour delivery schedules. He accepts emergencies as the 
measure of his usefulness. His indefatigable purpose is to keep wheels turning. 


HE IS RECOGNIZED AND RELIED UPON as the buyer’s first aid and last resource. 
HE IS NEEDED in exact proportion to the pressure of unfilled wants on Industry’s order -list. 


THE ALLEN MANUFACTURING COMPANY, HARTFORD, CONN., U.S.A. 
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FoR V-FLAT DRIVES 


LA XG VOM V-BELT 


WITH PATENTED FLAT COG CONSTRUCTION 


TESTS PROVE: 


Yes, it’s the extra value V-Belt ... it’s 
the V-Belt with patented flat cog con- 
struction that’s built for both V-to-V 
Drives and V-Flat Drives! Only this 
new V-Belt has Dayton’s non-skid tire 
tread design to increase traction and 
pulling power on flat pulleys, PLUS 
Dayton’s die-cut raw edges for a more 





BUILT-TO-BEND 
FEATURE AND 
DAYTEX CORD 
mean longer life 
under constant 
high-speed flexing. 


FLAT COGS AND 
DIE-CUT SIDES 
provide greater 
gripping power on 
grooved pulleys 
and on flat pulleys. 


December, 1941 





= 21% GREATER PULLING POWER 


22% LONGER LIFE 


powerful grip on grooved pulleys. 
And that isn’t all. Only this new 
Dayton V-Belt has the stronger, heat- 
resistant Daytex Cord in the neutral 
axis section—and Dayton’s “‘Built-to- 
Bend" construction—exclusive fea- 
tures which mean that Daytons run 
cooler and last longer under the 


CROSSWISE RI- 
GIDITY prevents 
distortion — as- 
sures maximum 
efficiency and 
longer belt life. 


THE SAME BELT 


FoR V-ro-V DRIVES 





strain of constant high-speed flexing. 

Tests prove that this revolutionary 
V-Belt on flat pulleys of a V- Flat Drive 
has more than 21% greater pulling 
power—and laboratory and field tests 
show that on grooved pulleys this 
V-Belt has an overall increased life of 
at least 22%. 

This new V-Belt, with its added per- 
formance and unmatched economy, 
is but another achievement in Day- 
ton’s 21 years of V-Belt pioneering. Yet 
it costs no more! Write for complete 
information and engineering data. 


# Dayton AUD DER 


MANUFACTURING COMPANY, DAYTON, OHIO 
The Worid’s Largest Manufacturer of V-Beits 
DAYTON, THE GREATEST NAME IN V-BELTS 


Jay tan 
V-BELTS 


ALS HI ILES 
FOR V-TO-V DRIVES 
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SEND US YOUR SUB-CONTRACTS 


Ts are times to pull together. Not too many plants 
are set up to produce Defense needs complete from 
start to finish. Springs and screw machine parts are vital to 
almost every Government item. Here we are more than 
glad to lend a hand. 


Peck Service provides screw machine parts in all sizes 
up to |!/4", milled, drilled, slotted, tapped, threaded— 
and all varieties of springs up to l/s" wire size. Extreme 
precision when necessary. Send us your blueprints for 
estimate. 


PECK SPRINGS 


AND SCREW MACHINE PARTS 
The Peck Spring Co., 14 Summit St., Plainville, Conn. 
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Bo never was a time when the flex- 
ibility in application of Fluid Power, 
(oil under pressure) meant so much to 
you. Hele-Shaw Fluid Power is fluid 
pressure— pressure to operate presses, 
rams, and reciprocating devices, but 
how it differs from mechanical drives! 
Snake-like, it can go anywhere, for 
Fluid Power is transmitted merely by 
means of pipes. Obviously this flexibil- 
ity eliminates the necessity for "design- 
ing-in" a Hele-Shaw Fluid Power pump, 
since you can place the pump wher- 
ever it is convenient to do so, on or 
adjacent to the machine. Free yourself 
from drive design problems, speed up 
design with Hele-Shaw Fluid Power. 
Send for catalog explaining the many 
other design and operating advantages 
of Fluid Power today. 


E IT FOR FLEXIBILITY 


Hele-Shau 


Fluid Po wer Pump Pittsburgh, Pa. Theflexibility of Fluid Power makes it possible to lo- 


cate the Hele-Shaw Pump ata convenient place upon the machine. 


Auto Floor Manipulator, manufactured by Edgar E. Brosius, Inc., 


OTHER A-E-CO PRODUCTS: LO-HED HOISTS, TAYLOR STOKERS, MARINE DECK AUXILIARIES 


GJ AMERICAN ENGINEERING COMPANY 


2501 ARAMIN GO AVENUE, PHILADELPHIA, PA, 
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@ You can take precision for granted where “Bayard” 
is concerned, Consult us on problems involving the 
design and manufacture of “special machinery”. 










© WELDED 
EQUIPMENT 


© VALVES 


© PRESSURE 
FITTINGS 





Straightening short, 
hardened steel auto- 
motive shafts to correct 
irregularities of a few 
thousandths of an inch 
is a delicate job—and 
a tough опе! Ви! 
HydrOILics does it 
with ease! 


{ 
|| А standard type HydrOlLic Straightening Press was 
i equipped with gauges calibrated in thousandths of an 
i inch. With the ram of the press raised and the shaft fixed 
I between special centers, the gauges are moved along the 
| shaít until they indicate where straightening is needed. 
| Then the press ram operated by the control lever, is ad- 
| vanced to the shaít and the centers are lowered with the 
| 





shaft to the straightening block. Additional movement of 
' the control lever applies tonnage that straightens the shaft. 
n The gauges measure the shaít quickly—after tonnage has 
|: been applied and before the shaít is released. Feather- 
| light pressure on the operating controls the ram, which 

applies tonnage in direct proportion to the movement of 
the lever. 
i And this press, which is readily adaptable to many other 
a operations, is only one example of the numerous ways 
H HydrOlLics is being applied to production jobs! 
qi Because it is so amazingly versatile, Denison HydrOILic 
d Equipment will give you the POWER, SPEED and CON- 
d TROL you want and need. It has solved many a knotty 
production problem for America’s biggest industries, prov- 
ing its efficiency on all types of jobs. 
You'll want to consider HydrOlLics for any production 
problem you may have. Consult us—or your Denison 
Representative—now! You will not be obligated, of course, 
and your inquiry will receive prompt attention. 
THE DENISON ENGINEERING COMPANY, 107 WEST 
CHESTNUT STREET, COLUMBUS, OHIO. 
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INTERESTING NOTES ON THE CARE AND FEEDING OF PRINTING MACHINES 





СЕС: С. саса 


HOW TO TURN 
ЕШ 
DIRECTIONS M 


chine bad to devise a 
method of revolving feed- 
ing rollers clockwise, and 
counterclockwise, in time 
0 and at tbe same time! 
EE 
hk dii 


a 


Whether in relation to o 
defense problem or a com- ` 
mercial application, your 
inquiry will receive prompt 
attention. However, delivery ` 
of Baldwin products for the 
latter must be subordinate 
to the delivery of orders 
bearing priority distinction. 
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€ Just imagine for a minute that you are the designer of this new 
label printing machine. You’ve been going “great guns” and then— 





—at the feeding end you've arranged two vertical rows of shafts 
on which are mounted rubber friction rollers which grasp the labels 
and feed them to the press. Since these rows of rolls must revolve 
against each other, one line of shafts must run clockwise and the 
other counterclockwise. Space will not allow the use of two drives 
or idler sprockets. What to do? 


Frankly we hope you do just what this engineer did—call the 
Baldwin man—and do it before you’ve wasted time and money in 


ONLY ROLLER CHAIN BELTS COMBINE 


кале Ше "арм deives constantly efficient operation 























Here the Baldwin man suggested, in effect, a rack and pinion drive with 
with an endless rack made up of simple, easily used roller chain belts. indefinitely long life 
Practically every driving, timing, and conveying system operates POF E ability 
more successfully when it incorporates the basic advantages of roller with 
chain belts. Have you a problem roller chain belts can solve? Call resistance to dust and dirt 
the Baldwin man now! with 


ability to operate on short centers 


BALDWIN EE DSTO n 


Division of Chain Belt Company 


С н А І М в E L TS [i rq = 321 Plainfield Street, Springfield, Mass. 


Factories at Springfield and Worcester, Mass. 
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ia 7 Ways 


Black lines —white background. 
Maximum production. 


Uniform quality regardless of speed 
of development. 


Most permanent prints. 
No marking or discoloration. 


No deterioration of developing solu- 
tion. No nightly wash-up. 


Domestic chemicals — a dependable 
source of supply. 





_ chemical supply is assured. You can always count 


Ua Pad n ME 
THE DIETZGEN 


ECTO 








DIR 


TRADE MARK 


DIRECT PROCESS 


Nor only do Dietzgen Directo prints give you 
denser, blacker lines and clearer, whiter back- 
ground, but they are more permanent than any 
print you have ever used. They retain their clear, 
strong contrast and sharpness for many months. 

In addition, this different and better process 
assures uniform results no matter at what speed 
Dietzgen Directo prints are developed. Accidental 
variations in development speed do not penalize 
you. Print quality is always uniformly high. 


There are other ways in which Dietzgen Directo 
prints save you time, "grief," worry and money. 


The developer doesn't deteriorate. You can con- 
veniently mix large quantities at a time — it won't 
spoil even in open containers. Every drop is usable. 
You never have to rebottle what's left in the machine 
at night or pour it down the drain. You simply add 
fresh developer as the old is used up. It won't 
harden in the machine, won't stain equipment, 
won't smear, smudge or discolor your prints. 

More than that, the Directo developer is a 
DOMESTIC. PRODUCT. A dependable. source of 


on the same quality of Dietzgen Directo prints. 
Finally, Dietzgen Directo paper is fast...it has 
more printing speed than your operator can use. 
Directo offers you so many advantages you 
should find out at once what you are missing. Ask 
NOW for a demonstration . . . without cost, fuss or 
obligation. Write on your letterhead at once. 
EUGENE DIETZGEN CO. 
Chicago e New York e Pittsburgh © San Francisco o Milwaukee 


Les Angeles e Philadelphia e Washington e New Orleans 
Dealers in All Principal Cities 



























































Reprinted by permission ot The American Weekly. 


HIGGINS—More Power to Your Drawing e Pioneers in Art and 
Engineering have, for 60 years, relied on the smooth-flowing blackness of Higgins 
American India Inks to interpret their ideas. Higgins suits the finest pen, the 
most exacting drafting instrument as well as brush and airbrush. Drawing inks 


also available in complete color range. Ask your dealer for a color card. 








ADAPTABLE Pumps 


to Exactly 
Fit Your Job 


—a wide range of sizes 
for various applications. 


Geared - Vane - Centrifugal 


Ask for Catalog. 
BROWN & SHARPE MFG. CO. 










@ You buy more than 
equipment — you buy 
an engineered applica- 
tion. Designed and built 
for the job to be done. 


| 
| 
L As designers and build- 


[PS Providence, R. I., U. S. А. 
ers of hydraulic units, 
Ў panels, control valves, 


and pumps for manufac- 
turers in a wide range of industries, we are in 
excellent position to solve your hydraulic prob- 
lems and supply the necessary equipment. 
And what's more — users of Barnes Hydraulics 
over a period of many years under most severe 
р operating conditions report maintenance costs 
i at an absolute minimum—lowest by comparison. 


That's why careful buyers specify 


BARNES HYDRAULICS 


Send us your inquiries with information about 
the job to be done. We'll be glad to submit a 
proposal or if you say so, we will have an 
engineer call. 





John S. Burnes Corporation 


DETROIT SALES OFFICE MAIN OFFICE 
503 NEW CENTER BLDG. AND FACTORY 
TR-1-1706 ROCKFORD, ILL. 


BROWN & SHARPE PUMPS 
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TEMPERATURE 
REGULATOR AUTOMOTIVE 
THERMOSTAT 
SHAFT SEAL FOR 
REFRIGERATIC* 


SHUTTER 


Ё я 
EXIANSION VALVE 


AUTOMATIC 


RADIATOR VALVES FUEL PUMP 


FLOAT SWITCH 


THERMOSTATIC OR быс 2-1 а 
PRESSURE SWITCHES comis oc. 
(S RV RS, „бене: 


VENT VALVE 


CABLE JOINT OIL RESERVOIR SYLPHON THERMOSTAT ASSEMBLIES 
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` should have been 








QUESTION MARKS 


| Before you scrutinize the cost of a good spring, 
f 


ыы 


analyze the savings it can bring... savings not 
only in eliminating production losses and re- 
placements, but what is most important, in user 
good will. 


| | А competent springmaker may often save on the cost of your spring, 
Hl if called in before space limitations have been determined. Many a 
spring cost has mounted through the necessity of providing a design 

| unnecessarily expensive due to unwise restriction of space. 


Gibson engineers share your interest in getting the spring you need 
at the lowest price, necessary quality considered. 


Hu Save dollars... get com- 


petent engineering help. 
è 
Gibson 


When you buy springs— 
SPRINGS 










call GIBSON. 









Gibson's acknowledged uniformity of 
heat-treatment is maintained in continu- 
ous furnaces automatically controlled. 


Scale-testing springs in many sizes insures 
specified physical characteristics. 











Gibson's large stock of ferrous and non-ferrous 
metals and alloys enables your procurement of 
small as well as large quantity purchases in a 
minimum length of time and at advantageous 
prices. 


William D. Gibson Co. 
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lIATEO SPF 


1800 CLYBOURN AVENUE ° 


CHICAGO, ILLINOIS 
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"Twenty-four-hour continuous opera- 
tion in this plant doesn't mean 
perbaps" —writes an Executive in one 
of the largest firms in his Industry. 


“Our machines must keep going— 
because shutting down even one of 
them would cost us $1,500.00 a дау.” 


"Installations of Cleveland Worm 
Gearing give us uniform operation 
and help eliminate shutdowns. Cleve- 
lands have won preference here 
through many years' reliable per- 


formance and low maintenance cost." 


Thus, still another prominent manu- 
facturer became a large user of Cleve- 
land Units — installing first a few, 
then increasing numbers as they 
proved their stamina and endurance. 


Install Clevelands with complete 
confidence on the Machines you 
build — for Clevelands will stand 
by you and your customers. 


The Cleveland Worm & Gear Com- 
pany, 3279 E. 80th St., Cleveland, O. 


Affiliate: Tbe Farval Corporation, Cleveland, Manufacturers of Centralized Systems of Lubrication 


In Canada; PEACOCK BROTHERS LIMITED 


Mia da I 
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M ultiply Man-Power 
by Improving 
MACHINE PERFORMANCE 


O OFFSET SHORTAGES of skilled man-power, 
machines must perform at their maximum rated 
capacities with a minimum of interruptions. 

This type of operation demands the ruggedness... 
the trouble-proof qualities... of BCA Ball Bearings. 
Both machine maker and machine user benefit when 
the designer specifies BCA's. 

BCA will gladly engineer or help you select ball 
bearings to meet the exact requirements of your equip- 
ment. For full information about loads and life expec- 
tancies refer to the BCA Data Book. If you do not yet 
have your copy of this valuable reference, write us today. 


BEARINGS COMPANY OF AMERICA, 412 Harrisburg Ave., Lancaster, Pa. 


RADIAL e ANGULAR CONTACT « THRUST 


1510: V BALL BEARINGS 
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wm you 
are faced with 
the problem of securing smooth, de- 
pendable power movement in any 
direction, think of Hanna Hydraulic 
Cylinders. Built in 10 standard 
models, from Y at 
working pressures u 


per sq: in. Write for f 


HANNA ENGINEERING WORKS 
1765 Elston Avenue * Chicago; Minois 
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' SPRINGS on the Square 


| 
| | When springs are coiled from square wire the material 
| 
| | 
| 
| 
| 


арасыны cats i 


——— 


€ ra 
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becomes keystone shape W. The keystoning is more 
pronounced as the diameter of the spring lessens, This 
effect must be considered when figuring the solid height 
of springs made from square ® wire. For figuring this 
keystoning effect we suggest the following formula: 


в +1) 


i= 
d asd (5 


d — Original wire size. 











OD = Outside diameter of spring. 
dl = Width of wire after coiling. PD = Mean diameter of spring. 


n For best results anticipate the obstacles to 
t! good design before the springs are made. 


Dunbar Bros. Go., Bristol, Connecticut | 


DIVISION OF ASSOCIATED SPRING CORPORATION 
"Quality Springs since 1845" 
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The PRODUCTIMETER 


That Records in DECIMALS 


| Model 5-SMIB-5, illustrated above, built especially by 
Durant for Flush Mounting on Panels or Control Desks. 


Ideal for design in machines...can be calibrated to read 
in decimals of lOths, lOOths, 1000ths, 10,000ths inches. 


Used with selsyn motor sets, for remote readings, or di- 
rect drive through gearing from adjustment screws, to 
indicate setting of rolls, dies, rams or shears. 


10° 












Quick reading, trouble-free, accurate, dependable. 


WRITE FOR COMPLETE DETAILS. SEND YOUR COUNTING 
ENGINEERING PROBLEMS TO US. 
DURANT 


несе RING CO. 


Qa2Rn N 
ol 


—— 
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Twin plants, with complete modern facilities, enable us 
to fill orders for one spring or millions... meet schedules 
..maintain peak quality. 

For years we've been licking spring problems of many 
industries, and that experience is yours for the asking. 
Laboratory control from raw material to finished prod- 
uct, backed by modern equipment and master craftsmen 
who grew up in spring making. 
Yes, you'll get springs on time... 
ance that means so much today. 
orders to either plant. 








and long-life perform- 
Send inquiries or 


SPRINGS - WIRE FORMS - SMALL STAMPINGS 


troi i GIBSON -RAYMOND 


JAN = ТО PLANTS => MICHIGAN 


T, MICHI ANN ARBC OR 
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The speed, numbers and tactics of modern tanks make radio communication neces- 
sary for effective action. e Communicating systems represent only one of many 
defense applications for which the Bakelite-laminated industry produces dependable 
insulation. The industry is working at capacity producing parts of all kinds for the 
8 Defense Program and for essential industry. sYNTHANE CORPORATION, OAKS, PENNA. 


Pn 
— 
~ 
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> 
SYNTHANE TECHNICAL PLASTICS 


Connector plug- sawed, turned, ańd drilled SHEETS « RODS « TUBES « FABRICATED PARTS SILENT STABILIZED GEAR MATERIAL 
E form turned milled, and threaded 
T Bakelite — laminated 





SYNTHANE PARTS FOR DEFENSE 
AND PEACETIME APPLICATIONS 


SYNTHANE 


Bakelite — N laminated 


ar 


TUN 
TEN 
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Airplane radio loop form Molded-macerated valve check ball Aircraft propeller part Plug end, rayon industry 
Rod for bottle washing machine Airbrake piston J Aircraft part Aircraft part 
Variometer stator Aircraft part Airplane fairlead Radio coil spool 
Molded-macerated truck wheel Handle for hosiery ironing device Brush holder bracket Ball bearing retainer 


SYNTHANE CORPORATION, OAKS, PA. 
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ТНЕ 
DOMINANT DRIVE 
OF INDUSTRY 


TRADE MARK 


The use of this emblem by 
an association member in connection 
with Multiple V- Belt Drives is your 
assurance of mechanical excellence 
— the result of cooperative engi- 
neering, research and experience. 





light on the “right” angle 


The tremendous importance of apparently trifling details has 
been demonstrated by engineering practice times without num- 
ber. And, in the matter of correct angles of the Sheaves and 
, - 
V-Belts used in Multiple-V-Belt Drives, this truth is most forcibly 
emphasized. . . . Countless laboratory experiments and field tests 
by Association Members were necessary to determine the precisely 
ee. 55 . . . . . . . 
right" angle to provide maximum wedging-gripping action with 
the least allowable tension to insure highest efficiency, plus long, 
uninterrupted service life of both sheaves and belts. . . . Today, 
the smooth, quiet functioning of thousands of Multiple-V-Belt 
Drives in practically every industry is accepted as a matter of 
fact. The arrival of the “right” angle is another example of 


coordinated effort by Association Members that made the Mul- 


tiple-V-Belt Drive *^The Dominant Drive of Industry". 


MULTIPLE-V-BELT DRIVE ASSOCIATION 
140 SOUTH DEARBORN STREET *© CHICAGO 
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WE INSTALLED 


GARLOCK KLOZURE OIL SEALS 
TO PROTECT OUR BEARINGS 


з 
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THEY KEEP DUST, 
DIRT AND WATER OUT 








m 


THEY KEEP 
OIL AND GREASE IN 





Production goes up and maintenance 
costs go down when your bearings are 
protected with Garlock KLOZURE oil 
seals. Insure against shut-downs due to 
bearing failures by installing these 
sturdy, effective and economical seals. 
Complete range of sizes including 
KLOZURES made to bearing manu- 


facturers’ standard metric bore sizes. 





Write for Folder! 


\¢ \ THE GARLOCK PACKING CO., PALMYRA,N.Y. 


27 | In Canada: The Garlock Packing Co. of Canada Ltd., 
6 2 Montreal, Que. 
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METALLIC 
BELLOWS 


dg ru e ELLIS 
HEAT CONTROL 


We manufacture bellows and 
bellows assemblies ready for in- 
stallation in steam traps, relief 
valves, temperature regulators, 
pressure regulators, air valves, 
and other automatic tempera- 
ture and pressure controls. 
Complete engineering service. 





CLIFFORD MANUFACTURING CO. 


BOSTON CHICAGO DETROIT LOS ANGELES 
PRODUCERS OF BELLOWS EXCLUSIVELY 
SERVING AUTOMATIC CONTROL MANUFACTURERS 














DOENUT WHEELS 


REDUCE 
COSTS 


SAVE 
TIME 


New Doenut Wheels with outside valve will do a better and faster 
handling job in your plant—and at a lower net cost per year. 
They increase the work per man hour; preserve floors and stop 
noise. 

Valves cannot be cut or damaged from "creeping" because of 
under-inflation. Available in three sizes: |0'' x 2.75''; 12" x 3.30"; 
l6" x 4.40". Kindly state axle size, maximum load per wheel and 
nature of application for proper recommendations. 


MUSSELMAN PRODUCTS CO. 


6308 St. CLAIR AVE. CLEVELAND, OHIO 








Ready for IMMEDIATE delivery 


0-80 « 1-72 


FLAT, ROUND, FILLISTER HEAD 


SCREWS 


Available in steel or brass. Steel screws are high quality 
cold drawn screw stock. Brass are machined from com- 
mercial rolled rod. All screws are milled from the bor and | 
meet U.S. Government and National Screw Thread Com- 
mission standards. Write for quotations in other metals 


Send for booklet "A". . . no obligation 


ROLLIN J. LOBAUGH 


1179 Howard Street * San Francisco, California 


We do a general screw machine jobbing business. Write us for quotation 
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An-cor lox 


TRADE MARK REG. 


LOCK NUT 


e |n high-temperature applications, for example, 
the all-metal An-cor-lox lock nut (patented) is un- 
affected by normal operating temperature. For 
extreme temperature or corrosive condition you 
specify the best material for the job. € A lock nut 
you can depend on for treal locking security and 
safety! As easily applied as an ordinary nut—re- 
quires only standard wrenches, bolts, threads, and 
application methods. Can be re-used repeatedly! 


Send for sample. 


An-cor-lox Division 


LAMINATED SHIM COMPANY 


INCORPORATED 


GLENBROOK, CONN. 
1673 


63 UNION STREET 











BETTER FRUIT, TOO 


with 


@ Fruit growers all over the country preserve and 
improve their crops with dependable FRIEND spray 
equipment. 

Heart of the FRIEND sprayer is the simple, sturdy 
pump. Its few working parts, selected for their 
strength and long life are the secret of its satisfying, 
low-cost operation. FRIEND Co. engineers place as 
much importance on the strength and ruggedness of 
the drive as on the pump itself. So they use Ohio 
Gears. ''There can be no compromise with quality,” 
they say, ‘‘on any of the parts going into this prod- 
uct. Close tolerances and accuracy of workmanship 
are absolutely essential for gears of the sort we use 
and we have found the Ohio Gear Company a most 
reliable source of supply.” 

Transmissions for spray equipment is another of 
the many interesting ways Ohio Gear products are 
serving industry by providing reliable, low-cost 
power transmission. 


THE OHIO GEAR со. 


1325 E. 179th Street + Cleveland, Ohio 
Representatives 





*New York Ciry, N. Y. 
Patron Transmission Co. 
154-156 Grand Street 
New ENGLAND George G. Pragst 
332 Main St., Pawtucket, R. 
*Los ANGELES, CALIF. 
J. W. Minder Chain & Gear Co. 
927 Santa Fe Avenue 
Granp Rapips, MICH. 
W. H. Slaughter 
419 Oakdale St., S. E. 
*PirTSBURGH, Pa. 
Standard Machinists Supply Co. 
South 2nd and McKean Street 
DETROIT, MICH. 
George P. Coulter 
322 Curtiss Building 
*Stocks carried. 





*MINNEAPOLIS, MINN. 
Industrial Supply Co. 
537 S. Seventh St. 
BUFFALO, N. Y. 
F. E. Allen, 2665 Main St. 
*Kansas City, Mo. 
Kansas City Rubber & Belting Co. 
712 Delaware Street 
“SAN FRANCISCO, CALIF. 
Adam-Hill Co. 
. 244-246 Ninth St. 
LOUISVILLE, KY. 
Alfred Halliday, 330 Starks Bldg. 
*INDIANAPOLIS, IND. 
A. R. Young 
518 North Delaware Street 
Sr. Louis, Mo. 
St. Louis Tool Co. 
2319 N. Ninth Street 
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Type T 
Single Acting Thrust Bearing 








] 
All Thrust Loads ч 
carried at Right 
Angles to the a4 
Roller Surface 


Under Heavier Loads 
At Higher Speeds — 








{ll Radial Loads Carried 
at Right Angles to the 
Roller Surface 


ROLLWAY'S 


RIGHT-ANGLED LOADING 


gives better all-around service 
under the 168-hour week 





Where design requires simplified assembly to 
secure the greatest bearing area and capacity, 


Rollway double-width Radial bearings—with 







Type MN 
Double Width 


separable outer race—will carry heavier loads 
Radial Bearing 


with reduced wear, even under extreme con- 


des cmi яте tne oe 


ditions. 


Like all Rollway Bearings—both Radial and 
Thrust types—this double-width series has 
solid cylindrical rollers, especially designed for 
the compactness and extra load capacity 
achieved through right-angled loading. In addi- 
tion, due to its construction, it will take a 
relatively heavy locational thrust. It is inter- 
changeable in boundary dimensions required 
for standard double-row ball bearings of S. A.E. 


sizes. And the two-part feature of the outer 


i ——— | race simplifies the mounting problem—an im- 
REMEMBER—with Rollways, **change over" to bearings of portant consideration in many applications. 
higher load ratings usually does not require redesign of the size 
relation of other parts of the machine. a Me" 


Send us your plans today for engineering 
analysis and bearing recommendations. 
BEARING COMPANY, INC., SYRACUSE, N. Y. 


BUILDING HEAVY-DUTY BEARINGS SINCE 1908 35 [4 ra R Е БА: [Р е 
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On 
this 
OIL 
RIG, 


STEM 


IT Соилілисііои ој 


LM SWIVEL 











Alignment Insured 
by LOWER RADIAL 
BEARING — an 










NEEDLE 
BEARING 


CYC LOPS 


Designed and built to carry heavy radial and shock 
loads, the RBC CYCLOPS performs at high efficiency 
in the operation of this Franks Swivel. |t keeps the 
stem in alignment and helps eliminate the wobble of 
the drill pipe. The bearing used on this job has an 
inner race with an inside diameter of 4l/5". Other 
CYCLOPS Bearings are available for use on shafts 
from 1/5" to 8" in diameter. 





Send for Catalog containing Engineering Data 


ROLLER BEARING COMPANY 


of AMERICA 


TRENTON NEW JERSEY 
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AIR COMPRESSOR 
SELECTOR | 


SELECT THE CORRECT SIZE AND TYPE 
AIR COMPRESSOR IN ONE MINUTE 


This entirely new Compressor Selector works like a slide rule. 

One simple setting shows correct Compressor Model Number, 

free air delivery, r.p.m., piston displacement and horsepower 

motor required. Quick, accurate and dependable. For both 

air and water cooled compressor applications requiring up 

to 80 cu. ft. displacement. Pressures covered by the QUINCY 
4 Compressor Selector range from 30 to 250 Ibs. per sq. in. 
| WRITE TODAY for your FREE Compressor Selector. Supply 
is limited! 


unc CY 


COMPRESSOR. 
| QUINCY COMPRESSOR CO., 101 Main St., Quincy, Illinois 


| Branch Offices: NewYork • Chicago • San Francisco 
- Cleveland * St.Louis 


Variable Velume( oil) Hydraulic Pumps and Valves ready made for 
your requirements. DEM fluid power for pressures up to 1000 
pounds p. s. i. Write today . . . let our engineers help you solve 
your problems. 


RAN INE о 7-те NIT 


PRACIN TOOL AND MACHINE COMPANY 
1772 STATE ST., RACINE, WISCONSIN 
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pont FOR 


ger YOUR CHANGE 7 


ALTER EGO: Literally, **one's other self" —the still, small voice that questions, inspires, and corrects our conscious action. 


But I’m too busy to change over 
to welded design. 


ALTER EGO: Why not change over gradually 
—one part at a time? That way you 


could prepare for the future and get faster 
production today with welding. 


‘What do you mean, prepare for 
the future? 


ALTER EGO: Get well set for the Battle for 
Business. Economize! 


But I did economize by changing 
over that sprocket housing some 
time ago. 


ALTER EGO: Right! And you saved $8.70 


on every one. Keep it up! Don’t forget to 
change your designs to welded steel and 
get your change in cash! 


LINCOLN SUGGESTS: Profit from the ex- 
perience of others—see what they have done 
and how they did it with arc welding. This 
will help you change over to welded con- 
struction with a minimum of lost motion. 
Machine Design Sheets, issued regularly, 
show various approaches to the design of 
parts—compare costs and weights of each. 
These will guide you. Ask for Application 
Sheet No. 75. 


Copyright 1941, The Lincoln Electric Co. 


LINCOLN АШЛАР TY 


THE LINCOLN ELECTRIC COMPANY 
Cleveland, Ohio 


Authoritative Information on Production e 





Design * Welding Equipment 
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DEFENSE INDUSTRIES 
find plenty of need for 


MOKOAIR 








the PUMP for vacuum or pressure 


Motoair can be mounted in 
ANY position, as an accessory 


© to machines utilizing vacuum 

NO GEARS or pressure. Note its compact 

design; put it to test on your 

NO BELTS units because it does a better 
NO DRIVES job. 


а No pulsation—less parts to 
wear out—a visible lubrication 
system. 

An ideal, portable unit for cleaner-blower work, 
from plug-in line, for factory, shop, woodwork- 
ing or laboratory use. Widely used for lens clean- 
ing by vacuum, and in many paper-handling 
machines. 


Send for Catalog! 


Motoair Division 


NEW JERSEY MACHINE 


CORPORATION 
17th Street and Willow Ave., Hoboken, N. J. 
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times 
have 


changed! 


Corrosive conditions, high temperatures, severe 
stress —all place a heavy burden on your spring 
unless it is properly designed. Among the many 
spring materials today is one that is best suited 
to your need. Are you getting that material? 


Raymond engineers will consult on your prob- 4 
+ 
lem and help you get the maximum performance | 


under your special condition of use. 


Try them out! 





SINGLE REVOLUTION CLUTCH 


A completely automatic clutch for intermit- 
tent and positive drive. Its accurate control 
of mechanical movements has won for it the 
acceptance of industry for cutting, punching, 
and packaging operations—wherever fully 
mechanical action is essential. 


WRITE TODAY 


THE 
| ILLIARD _ TolearnhowHilliard 


will adaptthis clutch 
CORPORATION to YOUR needs. 


ELMIRA. N.Y. Address : Dept P-12 
OVER-RUNN ING—FRICTION—SLIP—CENTRIFUGAL 
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"YEAR AFTER YEAR THE 
SAME NAMES ON OUR 
ORDER BOOKS WOULD 
INDICATE THAT THEY'RE 
SATISFIED WITH 
PHILADELPHIA GEARS” 








Repeat orders usually are not just acci- 
dents ... they’re the result of a buyer’s 
getting real satisfaction from a quality 
product that came up to his expecta- 
tions. We know this to be true. That’s 
why we are so proud of the orders that 
keep coming from firms to whom for 
years we've been supplying gears of all 
types. Yes, we are equipped to turn 
out every kind of industrial gear... 
large and small and in all available 
materials. lf you're in the market for 
gears . . . start now to know REAL 
SATISFACTION .. . call on Philadel- 
phia. Write today for more information. 


Cutting a Worm 
Gear and a Bevel Gear 


Industrial Gears and Speed Reducer 


Erie Ave. and G St. 
Philadelphia, Pa. 


New York - Pittsburgh - Chicago 
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FLEXIBLE SHAFTS f 


ONE OF A SERIES FEATURING 













HEATERS and 
RANGES 


Modern design of oil and gas space heaters 
calls for the controls to be conveniently placed 
on the front panel. As a result, the control 
handles or dials are generally at some distance 
from the fuel valves. A means must, therefore, 
be provided for carrying the control from the 
handles or dials to the valves. 


S. S. WHITE Remote Control Flexible Shafts 
are now widely used for this purpose because of 
the simple, effective way in which they meet all 
requirements. Regardless of the relative posi- 
tions of the control handles and the valves, a 
single, self-contained, easily applied flexible 
shaft is all that is needed to join them. And 
since S. S. WHITE Remote Control Flexible 


Shafts are engineered and constructed specially 


for remote control service, they assure smooth, 
sensitive operation. 


A 
TYPICAL 
EXAMPLE. 





In this attractive, modern QUAKER Oil 
Heater—product of the Quaker Manufac- 
turing Co., of Chicago—an S. S. WHITE 
Remote Control Flexible Shaft, extending 
from the calibrated control dial at the 
upper right to the oil valve in the base, 
provides sensitive heat regulation. 


DATA FOR ENGINEERS 


Bulletin 38 gives details about S. S. 
WHITE Remote Control Flexible Shafts and 
their application. A copy will be mailed at 
your request. 


S. S. WHITE 


The S. S. White Dental Mfg. Co. 


INDUSTRIAL DIVISION 


Department D, 10 East 40th St., New York, N. Y. 


r POWER DRIVES, REMOTE CONTROL { COUPLING 














AN ALL-ELECTRIC 
ADJUSTABLE- SPEED DRIVE 


for A-C. CIRCUITS 
Speed Ranges up to 16 to 1 
Sizes — 1 to 30 hp. 


SPEED CONTROL CONVENIENCE 
WITHOUT LIMITATIONS. 








RELIANCE 


у" 


DIRECT DRIVE. Lower cost, 
because fewer parts (no 





Place speed-changer and start- intermediate speed-changing 
stop button at any convenient device). Power is closer to where 
point to which a wire can berun. it is needed. Use less space. 


Control is within easy reach. 


RELIANCE ELECTRIC & ENGINEERING CO. 


1082 IVANHOE ROAD E. uw CLEVELAND, OHIO 
Sales Offices in Principal Cities 


Streamline your machine design. 


FROM A-C. POWER 
SUPPLY. The "pack- 


aged" V*S Speed Control 
Unit brings youimportant 
advantages at a new low 
price. Mount it any- 
where. Simply connect 
it by three wires to 
a 3-phase a-c. circuit. 


Other Production Aids: 
Quick stopping, reversing, 
speed-setting, safe speeds 
for threading, ample 


starting torque with 
smooth acceleration. 


Get Bulletin 310 


for details 
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YOUR COOLANT PROBLEM AND 


WELL SHOW YOU. 


A PUMP TO SOLVE IT/ 


== RUTHMAN === 


COOLANT PUMPS 


There’s a Gusher Coolant Pump for 
virtually any machine tool made. 
There are motor driven models; belt 
driven models; plain drive models. 
Installation outside the reservoir, or 
for immersion in the reservoir. Small 
or large capacity models to suit the 
job. 


A Gusher model to speed your work. 
Write! 


THE RUTHMAN MACHINERY C0. 


1813 READING ROAD, CINCINNATI, OHIO 


LARGEST EXCLUSIVE BUILDERS OF COOLANT PUMPS 








Model P3 


P3 models are available 
in immersed type (1-P3), 
flange-mounted with in- 
ternal discharge (2-P3), 
flange-mounted with ex- 


ternal right hand dis- 
charge (3-P3), left hand 
discharge (4-P3). All 


above are available in 
short and long models, 
that is, for two maximum 
high water lines. 


Pat. and Pats. Pending. 
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It HAS been done on many 
assembly jobs . . . 

À P-K Assembly Engineer 
may point the way for you! 


Whether you make planes, tanks, 
bombers, or any of the thousands of 
other products for defense, or for essen- 
tial civilian needs, in today's vital task of 
getting more assemblies per man-hour, 
a Parker-Kalon Assembly Engineer can 
be a big help! He can help you effect 
time-savings of 25 percent to 50 percent 
in the many assemblies suited to Parker-Kalon Quality- 
Controlled Self-Tapping Screws. Wherever the P-K Engi- 
neer uncovers a place to use this simpler method . . . 

You gain time by eliminating tapping and all its prob- 
lems... fumbling with bolts and nuts . . . riveting in hard-to- 
get-at-places. Just one simple operation makes fastenings in 
thin sheet metal or heavy steel, die castings or plastics! 

You gain secure fastenings . . . actually stronger than 
fastenings made with machine screws in tapped holes, or 
with bolts and nuts and lock washers! 

You cut out “slow-ups”! Every genuine Parker-Kalon 
Screw drives easily and holds tight. The unequalled Parker- 
Kalon Quality-Control Laboratory routine protects against 
“doubtful screws” . . . screws that look all right but some 
of which fail to work right. 

CALL for a Parker-Kalon Assembly Engineer to go over 
your fastening problems. You'll quickly see why some of 
industry's largest plants regularly use this advisory service. 
Or send assembly details for recommendations and samples. 
Parker-Kalon Corporation, 196 Varick Street, New York. 
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SELF-TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY... ANO OTHER FASTENING DEVICES 
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TAYLORCRAFT SPEEDS ASSEMBLY of planes for Civilian 
Pilot Training Program by using Parker-Kalon Self-tap- 
ping Screws for many applications. The assembly shown 
above is typical. 


The Screw Industry's Finest Quality-Control Facilities 


AU au 
А 
SELF-TAPPING SCREWS 


Give the Green Light e to Defense Assemblies 


An 


6 
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There’s ۰ - 
Life 


Old 





SPRINGS for 
the repair of old 


machines . .... 


handled RUSH at MUEHLHAUSEN 


* Many of our customers have discovered that 
there is a lot of production life left in some of the 
old machines that have been shoved back in the 
corner as “obsolete.” Possibly a little tightening up 
here and there, and a new spring or so would put 
some of your “old timers” back in production. (An 
eastern organization recently took an old planer 
out of a museum and put it back to work!) 


To help you with such work, Muehlhausen 
has a special small order department. Just mark 
your order “Rush — Repair.” Send us the old 
sample (or broken pieces) or rough sketch of the 
item needed, and we will do the rest. Any size 
material from .004" to 2" round; any type of 
spring — compression, extension, torsion or flat. 
MUEHLHAUSEN SPRING CORPORATION, 
808 MICHIGAN AVE, LOGANSPORT, INDIANA. 


MUEHLHAUSEN 


SPRINGS 


EVERY TYPE AND SIZE 
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Pullmore Clutches 
Selected for Hoist- Control 
Ls In Yardmaster 


ш Straddle Trucks 








Double-Type 
Pullmore 


PULLMORE 
Multiple-Disc 


| Clutches are madein * 
| single and double types; & 
| for operation in oil or | 
dry; in capacities rang- § 
ing from | h.p. to 75 
h.p. at 500 r.p.m. In- 
vestigate the many ad- _ 
vantages of Pullmore 


Clutches. Ask also 
about Rockford Plate *‘... recommended by satisfied users”; 
Clutches. Pullmore Multiple-Disc Clutches were selec- 


ted for hoisting gear control in Willamette 
Hyster Company’s Yardmaster Straddle 
Trucks. Pullmore Clutches are particularly 
suited to the high speeds, frequent opera- 
tion, and heavy loads of this service. Pull- 
more Clutches are highly successful in a 
wide variety of automatic, and semi-auto- 
matic machines. Write for the Pullmore 
Blue Book containing details and data. 





i 
К 
TN 


Single-Type 
Pullmore 


Pullmore Clutches are sold by Morse Chain Co. offices in principal cities. 


Rockford Drilling Machine Division Borg-Warner 
W 209 Catherine Street, Rockford, Illinois, U.S.A., V 


Corporation 





Pulimore Multiple-Dise Clutches © Over-Center and ЕТ Loaded Clutches * Power Take-Offs 









but it works / 





Locking 
Ring 








Reg. U. S. Pat. Off. 


SELF-LOCKING NUT 


Almost mysterious in its ability to 
bold tigbt, the famous "Unshako" is 
a simple, fool-proof device you can 


Cutout depend on to G-R-I-P wherever vibra- 


Section 





Showing tion is the problem. 

Locking E d 

Ring in Saves maintenance time, reduces break- 
Place down trouble! 


Details free on request, write— 


STANDARD PRESSED STEEL CO. 


JENKINTOWN, PENNA 


ЕЕЕ, 


BOSTON - DETROIT - INDIANAPOLIS - CHICRGO - ST. LOUIS - San FRANCISCO 
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ILLUSTRATED: Left, Hydraulic 
Torque Converter and right, 
Hydraulic Power Take-off. 


TWIN DISC CLUTCH COMPANY, 1339 RACINE STREET, RACINE, WISCONSIN 
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Ahlb erg 
BALL BEARINGS 


N o wh €T € does experience count 
more than in the tool room where the 
dies, form tools and other precision 
tools are developed for use in the 
production department. Ahlberg 
craftsmen must be able to look back 
to experience which has shown what 
can't be done. And they must also 
be alert to look ahead, eager to find 
the new way to do a job better. 

That is why Ahlberg’s tool makers 
constantly look both ways. They 
have a rich accumulation of a third 
of a century's experience in the 
problems of precision bearing manu- 
facture. But their tools and equip- 
ment and their methods are as up to 
the minute as your evening paper. 
From drafting board to Magnaflux 
test there isn't an old machine in 
the plant. 


AHLBERG BEARING CCMPANY 


Manufacturers of (св) Master Ball Bearings 
3019 WEST 47TH ST. CHICAGO, ILL. 








Call in HAYS. 
IFITS CAST OF 


BRASS The decks are 


cleared for action at Hays—a large mod- 
ern brass foundry and machine shops 
working day and night have hit a stride 
that can step in and do a job for some cast 
brass product that is vital to your defense 
contract. Count on Hays to help you in 
meeting emergency deliveries in cast brass 


finished to your specifications. 


Hays representatives will call 


at your request. 


HAYS MFG. COMPANY, ERIE, PA. 
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MORE READERS THAN EVER! 


TODAY, more than ever, designers are 


seeking information — both advertising 
and editorial—on the tools of their trade: 
materials, mechanical parts, finishes, 
fabrication methods. This issue of 
PRODUCT ENGINEERING is being 
mailed to 12,000 paid subscribers—and 
will be read by more than 30,000 design- 
ers like yourself. 


TIME-SAVING ALL METAL BEAM COMPASS 


WITH THE UNIQUE RACK & GEAR CONTROL PATENT 2106398 


Write for free circular 


FOR PAPER DRAWING FOR METAL SCRIBING 
12" GEAR BEAM Compass 12" SPECIAL GEAR BEAM 
a OTT ee $2.50 Compass complete...... $3.30 


EXTRA LONG ‘'GEAR BEAMS" 


17'' Beam—.60 24"' Beam—.90 36'" Beam—1.30 


Order by Check, Money Order or C.0.D. Postage extra on C.O.D. orders. 


A. P. BARTUSCH, 775 Walnut St., Lockport, N. Y. 


ИОНИ ОН 
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THE IMMEDIATE ANSWER TO z | / J 
YOUR FLEXIBLE CONNECTION 
PROBLEMS! Ask for Complete Data on 


REX-WELD (corrugated) Flexible STEEL Hose 
тт ШШШ p Sizes from Vs" LD. Pressures to 14,500 
шашы > p.i Temperatures to 1000° F. One- 
ИННИК 8 = piece, all-steel construction. Con- 


tinuous lengths to 50 feet. 














Type RW-91 (helical corrugations) 


REX-TUBE (interlocked) Flexible STEEL Hose 
" Sizes from 1⁄2” I.D. Asbestos packed. 


Je STEEL COUPLINGS 42725 for Ber опа 
CHICAGO METAL HOSE CORPORATION 


MAYWOOD, ILLINOIS 
Chicago Phone: Mansfield 3666 
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Pyrex Brand Industrial 
Glass Parts Are 


Wherever the combined advantages of chemical 
stability, heat resistance, crystal clear trans- 
parency, hardness, mechanical strength and 
ease of cleaning are important, the use of Pyrex 
brand Industrial Glass Parts may be the solu- 
tion to your problem. 


















Because product engineers have found it prac- 
tical, they have specified Pyrex brand Indus- 
trial Glass for parts in such widely varied 
products as springs and pumps. The possible 
uses of this resistant glass are increased because 
it can be directly joined to metal in several 
different ways. 


Don’t pass up the many advantages of Pyrex 
brand Industrial Glass because of accuracy 
requirements. Corning’s ability to produce 
glass parts to close dimensional tolerances has 
cured the headaches of many designers and 
engineers. 


Corning Engineers gladly offer the benefit of their years of experience 
with glass to assist you in the application of glass to the design of a new 
product or improvement of a present product. Write to them. 


“‘Pyrex”’ is a registered trade-mark and indicates manufacture by Corning Glass Works. 


1 
DORNING 


(Glass Works 
| Cornine; New York 
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PYREX NEWS 


1. 500 Watt Lamp 


This lamp called not only for an air-tight 
glass-to-metal joint, but also for the trans- 
parency, accuracy and thermal] shock re- 
sistance of Pyrex brand Electrical Glass. 


2. Blue Print Machine Roller 


A Pyrex Cylinder provided the trans- 
parency, mechanical strength and heat 
resistance to produce an improved blue 
print machine design. 


3. Humidifier Float 


One of the simplest methods of attaching 
glass-to-metal is demonstrated in this 
Humidifier Float (specially designed for 
the Morency VanBuren division of Scoville 
Mfg. Co.). The ears on the metal spud 
are clamped firmly to the glass float. This 
type of joint will last indefinitely where 
high tensile strength is not of major 
importance. 


4. Glass Spring 


The ability to produce Pyrex brand 
Industrial Glass to definite specifications 
involving shape and resiliency was re- 
sponsible for producing a chemically 
resistant glass spring having outstanding 
resistance to fatigue. 


5. Glass Pump 


The chemical stability, accuracy, me- 
chanical strength and resistance to thermal 
shock of Pyrex brand Industrial Glass, 
plus a glass-to-metal joint, made possible 
a glass pump that solved many corrosion 
problems in the chemical field. 


6. Meter Index Window 


A metalized edge fused to the glass made 
A metalized edge fused to the glass mad 
possible a soldered air-tight seal required 
for a gas meter index window. 


7. High PressureGlass Roller 


A high pressure glass roller securely 
mounted on ball bearing drive shaft. The 
roller surfaces are ground and polished 
to close tolerances for both flatness and 
concentricity. This is another example of 
mechanical strength and precision ob- 
tainable in glass-metal assemblies. 


8. Glass Coffee Maker 


Pyrex brand Industrial Glass was chosen 
for an automatic coffee maker because in 
addition to other desirable qualities, 
Pyrex glass blanks can be fabricated to 
precise dimensional tolerances. 


9. Sealed Beam Headlight 


Accuracy of machine pressed Pyrex 
glassware produced the precise contour 
of the paraboloid surface necessary to the 
satisfactory performance of the sealed 
beam headlight. 
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when the 
Production-Roll 
is Called? 
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Make sure that the production 
machines you design and build are 
power-fit to maintain their full 
rated capacity of output under 
today's non-stop operating con- 
ditions. Build the extra strength 
of Whitney Chains into every 
drive... and get total transmission 
of power to the job, at constant 
speeds that keep product-quality 
uniform. These tough alloy-steel 
roller and silent chains assure top 
levels of drive-performance at low- 
est levels of cost, over the longest 
span of service. So get the power 
priority of Whitney Chains to 
make your machines 100% fit for 
defense production. 


The Whitney Chain & Mfg. Co. 


Hartford, Connecticut 


WHITNEY PRODUCTS Roller Chain & Sprock- 
ets, Silent Chain & Sprockets, Conveyor 
Chain & Sprockets, Roller Chain Flexible 
Couplings, Automatic Load Limiting 
Sprockets, Automatic Drive Tensioners, 

oodruff Type Machine Keys and Cutters. 













ITNEY 


ROLLER AND SILENT CHAINS FOR POSITIVE POWER TRANSMISSION 
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MADISON-KIPP E TAN PRESSURE 


ALUMINUM DIE CASTINGS 








@ We are handling orders for millions of die cast- you have closed your deal. @ We can usually 
і ings, difficult castings and vital parts for nearly give price and delivery information by tele- pan 
all branches of U. S. defense and U. S. aid efforts. phone because of having had over two years ^ 
(Many of these parts were originated as die cast- experience in developing special equipment 
ings at Madison-Kipp). € We will be pleased if and producing castings for Boosters, Fuzes, Nw 
we can be of assistance to you when you Bombs, Shot and other Ordnance parts. @ Just 7 
bid on Government contracts and also in telephone Badger 7051, Madison, Wisconsin, 
furnishing die cast parts or assemblies after and ask for the Ordnance Sales Department. 
MADISON-KIPP CORPORATION 
206 Waubesa Street, Madison, Wis.,- U. 5. А. E 


Complete DIE CASTING SERVICE > FRESH OIL 
LUBRICATORS ° HIGH SPEED AIR TOOLS 
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Г "UIT S EASY TO FABRICAT E ? 
бе REPUBLIC 


ELECTRIC RESISTANCE WELDED TUBING 


ROLLER BEADING TUBES 


You can fabricate Republic ELECTRUNITE 
Tubing by any modern method to practically 
any required shape. And you can do it on a 
high-speed production basis with full assur- 
ance of quality maintenance— because ELEC- 
TRUNITE is uniformly and readily workable. 


Unlike tubing made by other processes, Re- 
public ELECTRUNITE is cold-formed and 
electric resistance welded. It retains all of the 
original ductility and strength of the steel 
throughout the entire tube structure. Hence it 
may be cold-worked easily and accurately. 


Because of its method of manufacture, Repub- 
lic ELECTRUNITE Tubing obtains a con- 
sistent uniformity of diameter, wall thickness 
and concentricity that further insures unvary- 
ing workability and a steady output of sound, 
perfectly-formed tubular parts. 


You can bend, flange, expand, swage, upset, 
bead, groove, roll, knurl, spin, flute, flatten, 
coil, taper and thread Republic ELECTRU- 
NITE Tubing without difficulty. 


If your product involves the use and fabrica- 
tion of tubing, you may be pleasantly and 
profitably surprised by the increase in work- 
ability you can obtain by changing to Repub- 
lic ELECTRUNITE Tubing. It is made in 
carbon steel and *Enduro Stainless Steel in 
standard sizes and gauges. Tell us what you 
make and how you fabricate it. Our engineers 
will be glad to tell you in detail what ELEC- 
TRUNITE can do for you. Steel and Tubes 
Division, Republic Steel Corporation, 
Cleveland, Ohio. *Reg. U. S. Pat. Off. 


PRESS TYPE BENDING 


HART PROCESS 


WELDING 


Kbewtte ELECTRUNIT 


ELECTRIC RESISTANCE 


At-~-. ПЭ: —.. ATL TAT 


WELDED TUBING 


- Fandancar and Hant Evrchanaar Tithac 
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In search for the Indies 
... they found America! 
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— many companies forced by priorities to give 
up metals formerly used in their products, have switched 
to Porcelain Enamel. They were searching for a "substi- 
tute"—but they found in Porcelain a beffer material! 


It's giving them advantages and selling points they 
never had with their old materials —for Porcelain 
Enamel is one of the most durable and versatile 
finishes known to man. It is glass fused to metal at 
extremely high temperatures. It has a permanence and 
luster that withstand all temperature and corrosive 
conditions. 


Recently, to meet a deluge of inquiries we created a 
special division of our laboratories to act in an advisory 
capacity for manufacturers faced with priority problems. 


If your production is threatened by priorities in Alumi- 
num, Nickel, Stainless Steel, Zinc, Chromium, Copper 
or Cadmium, send us your blueprint or specifications 
today! Our staff of skilled engineers will analyze your 
ien and make unbiased recommendations without 
obligation. Write now to: Department P-2. 


THE FERRO ENAMEL CORPORATION 
Cleveland, Ohio 





OUT OF PRIORITIES COMES PROGRESS 
-«» WITH PORCELAIN ENAMEL! 
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WHAT FELT 





would you 
specify here ? 





LOOK BELOW FOR YOUR ANSWER 


The BOOTH mechanical felt part in this aircraft application illustrates one 
of many felt uses . . . classified authoritatively in the valuable reference 
work pictured below. Can felt be profitably used? What type of felt? These 
questions are constantly before Design, Production and Purchasing execu- 
tives. The Booth chart answers them. BOOTH FELT COMPANY, 
475 19th Street, Brooklyn, New York, 736 Sherman Street, Chicago, Ill. 


COMBINATION 

FELT APPLICATION CHART 
AND SAMPLE FILE-FOLDER 
Of standard file size, it contains actual 
swatches of the 14 S A.E. felt types, to- 
gether with complete reference and speci- y a 
fication tables. Write for your copy No 

obligation . . . no sales follow-up. 

1635 















BLACK for Iron and Steel 


Original, low temperature, patented method 


*- • 


3۴ 


Superior 


ABRASION-RESISTANCE 
RUST-RESISTANCE 
ECONOMICAL ... FAST 


Ask for details 
Sample JETALized free 


ALROSE CHEMICAL CO. 


PROVIDENCE, R. I. 











WILLIAM 


frm. Om “ANG مه‎ М > E 
DROP-FORGIN OS 
ANY SHAPE-ANY MATERIAL 
COMPLETE FACILITIES 
B Forge Ahead With Forgings" 
КАМАА LH. WILLIAMS &CO. 


eipful today: 
" write ө “The Drop-Forging People’ 
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LESS "Down" TIME 





A group of typical ma- 
chine tool parts made of 
AMPCO METAL, resistant 
to wear, "squashing out," 
and shock loads. 


AMPCO protects 


VITAL PARTS AGAINST FAILURE 


"Down" time, due to the necessity of replacing worn 
or weakened parts in machine tools, results in loss 


of service and disrupts production lines. Bronzes in 
vital frictional parts must help maintain continuous, 


uninterrupted operation . . . Over sixty machine tool 
manufacturers have standardized on parts made of 
AMPCO METAL, an alloy of the aluminum bronze 
class, because of its stubborn resistance to wear, 
impact, and failure. They know by actual experience 
that longer service life, freedom from breakdown 
and delay, less maintenance and fewer replacements 
follow the use of AMPCO METAL. Typical parts 
are bushings, bearings, gears, worm wheels, shifter 
forks, lead screw nuts, liners, gibs, sleeves and shoes. 


Specify this trouble-free, wear-resistant bronze in machines 
you design. Provide for less "down" time and more continu- 
ous production through the use of Ampco bronzes. 


Ask our engineers for recommendations. 


AMPCO METAL, INC. 
Department PE-12 Milwaukee, Wisconsin 


AMPCO LITERATURE Available 


AMPCO METAL, catalogue 22 
Ampcoloy—industrial Bronzes Catalogue 
Ampco-Trode Coated Aluminum Bronze Welding Rod 
Ampco Metal in Machine Tools 

Ampco Metal in Bushings and Bearings 
Ampco Metal in Dies 

Ampco Metal in Acid-Resistant Service 
Ampco Metal in Aircraft 

Ampco Metal Centrifugal Castings 
Ampco Metal in Heavy Machinery 
Ampco Metal in Gears 
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S0 YOU ARE SELLING 


Now ... if never before . . . oil should not be wasted. 
Yet inefficient seals are allowing grease and oil to leak 
from cars and trucks . . . grease and oil that leave ugly 
tell-tale stains on highways, driveways, garage floors, 
and even showroom floors. Efficient felt rings can easily 


cost much less than sub-grade washers. It is thoroughly 


un-economical to use low-grade washers. Buy good felt. 
Buy it from us or from some other company ... but buy 
good felt and stop selling oil leaks. Our new Data Sheet 
#11, “Annular Designing and Dimensioning" will help 
you to select the proper felt and to prepare blueprints. 
We will be happy to send you a copy, or you may pre- 
fer to have an American Felt representative call. We 
are always glad to be of help to engineers, chemists, 
purchasing agents and specification men. When writing 
for Data Sheet #11, please use company letterhead. 


American Felt 
Com any 


TRADE 


General Offices: GLENVILLE, CONN. 
Sales Offices at New York — Boston — Chicago — Philadelphia — 


Cleveland — Detroit — St. Louis — San Francisco 
Plants at Glenville, Conn., Newburgh, N. Y. 
Franklin, Mass., City Mills, Mass. 


Cutting Shops at Port Chester, N. Y. and Detroit, Mich. 


PRODUCERS OF FINEST QUALITY PARTS FOR OIL RETAINERS, GREASE 
RETAINERS, WICKS, DUST EXCLUDERS, GASKETS, INSULATING FELTS, 
CHANNEL FELTS, UPHOLSTERY RISER STRIPS, BODY SILENCING 
PARTS, DOOR MECHANISM GASKETS, AND BODY POLISHING WHEELS 
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ELECTRIC SWITCH CORP. 


A.LSiMac 


MERCURY SWITCHES, 
RELAYS caud CONTROLS 


American Lava Corporation has developed several 
ceramic compositions which are well suited for mercury 
switches, relays and controls. They are not attacked 
or “wet” by mercury. They do not oxidize, corrode, 
dust or flake. They resist erosion. They are absolutely 
and permanently rigid, are shock-resisting, withstand 
heat and arcing, have high mechanical and dielectric 


strength. Parts are accurately custom-made to the blue 


prints of the manufacturer. 


For permanently trouble-free insulation, follow the 
leaders . . . specify Ar SriMac. 


JEFFERSON 
ELECTRIC 


Trode Mark Rog. U. S. Put. OR. 


AMERICAN LAVA CORPORATION * CHATTANOOGA * TENNESSEE 


CHICAGO * CLEVELAND * NEW YORK * ST LOUIS * LOS ANGELES * SAN FRANCISCO + BOSTON + PHILADELPHIA +» WASHINGTON D C 


December, 1941 
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373 FOURTH AVENUE* NEW YORK 
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Askthefirst Kon-I-Noon penciluser you meet, 
and then ask a hundred more, and you will 
get the same unfailing answer, “Kou-I-Noor 

can be relied upon to give you a definite pro- 
tection from all lead pencil troubles.” 


Throughout the fifty-odd years the 
Кон-1-Моов pencil has been on the market, 
we have, through constant research, pains- 
taking effort and strict adherence to material 
specifications, supplied critical users with a 
drawing instrument of superlative quality. 


Rely upon Kon-I-Noon. 
#1700 TECHNICRAYON PENCILS with small 


diameter lead, slightly soluble in water, are 
manufactured in 30 colors. 


SEND FOR FREE CATALOG NO. 9? 


CIL ROLL 


PENCIL COMPANY INC° 


| 





| technical men, and students in 
| neering problems. 


| The contributors number more 








Your name stamped in 


gold on this book FREE 


At no additional cost to you, we will stamp your name, or 
a friend's name, in gold on the front cover of any copy of 
Marks’ Mechanical Engineers’ Handbook, new 4th Edition, 
ordered from this advertisement. This is a special Christmas 
Offer, limited to acceptance before January 1, 1942. 


| Just Out! New 4th Edition 


MARKS 


MECHANICAL ENGINEERS 
HANDBOOK 





2276 pages of descriptions, data, 
and diagrams to aid engineers, 


the solution of mechanical engi- 


MEC} 


ENGINEERS’ 


than 100 engineers and special- IANDBO OK 
ists, to assure you the most 
authoritative and dependable in- 
formation on problems of de- 
sign and practice. 


Largely rewritten, fully revised, 
chock-full of the most useful 
and up-to-the-minute data — a 
1941 tool for engineers. Fourth 
Edition 
Priced the same as earlier edi- 


tions, * 


$7.00 





Do you want to make a friend a gift combining personal thoughtfulness 
with real utility? Do you want a copy of this helpful book that you 
will doubly prize? Then take advantage of this free stamping offer. 
Send the coupon today. (Proper remittance should be enclosed with 
order and, of course, stamped copies are not returnable.) 


t 


SPECIAL HOLIDAY OFFER COUPON 
McGraw-Hill Book Co., Inc., 330 W. 42nd St, N. Y. C. 


Send me Marks’ Mechanical Engineers’ Handbook 4th Edition, ac- 
cording to terms checked: 


[} With name stamped in gold. I enclose $7.00 and understand 
stamped books are not returnable. (Offer expires Jan. 1, 1942.) 


O For 10 days’ examination; without gold stamping. I will send 
$7.00 plus few cents postage in 10 days or return book post- 
paid. (Postage prepaid if cash accompanies order.) 


Print name to be stamped here 


Name ...... 
PP rrr rr rT rrr? Tiere rer yy TT Te ee eT TSE TE? ey 
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(1) PROTECTION BY THERMOCOUPLES 
—Brown Instrument Co. Bulletin 67-4. 
8 pages. A signal system which records 
and warns of high temperatures in Roll 
Neck bearings is described. Thermo- 
couples are used as the actuating 
devices. 


(2) CONSTANT VOLTAGE TRANSFORMER 

—Sola Electric Co. Catalog, 22 pages. 
Curves, graphs and illustrations fill this 
catalog, which describes the use of these 
transformers to maintain constant out- 
put voltages. Electrical and mechanical 
design details are given. 


(3) TEMPERATURE CONTROLS—The Fox- 
boro Co. Folder, 3 pages. Temperature 
indicators and controllers for electro- 
plating baths are described and illus- 
trated in this folder. Details of stand- 
ard types are given. 


(4) WELDING ACCESSORIES — Weltronic 
Corp. Bulletin S-41. Describes a com- 
plete line of resistance welder heat-con- 
trols, synchronizers, and synchronous 
timers, as well as its line of power and 
control units for welding equipment 
and automatic machinery. General tech- 
nical material on welding is included. 


(5) MEASUREMENT ACCESSORIES 
—Brown Instrument Co. Catalog, 24 
pages. This catalog, entitled “Ther- 
mometer and Pressure Gauge Accesso- 
ries,” lists and describes all accessory 
items for the line of thermometers and 
gages made by this company. It con- 
tains many photographs and tables of 
dimensions and sizes. 


(6) LUBRICATION MANUAL—Gits Bros. 
Mfg. Co. Catalog, 172 pages. This large 
well-bound book discusses every phase 
of lubrication and presents a wide line 
of available equipment. Discussions 
and catalog items are profusely illus- 


trated. 


(7) CONTROL VALVES— Vickers, Inc. 
Folder, 4 pages. A description of flow 
control valves and their uses, Contains 
photographs, outline drawings, and a 
table for selection. 


(8) VISES—Fenn Mfg. Co. Folder, 4 
pages. The advantages of these quick- 
action vises are brought out in this 
folder. Illustrations showing its con- 
struction and tables of standard dimen- 
sions are also included. 


(9) LUBRICATION SYSTEM —The Farval 
Corp. Bulletin, 8 pages. This booklet 
discusses the general problem of lubri- 
cation, and then, by means of three- 
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| NEW MANUFACTURERS PUBLICATIONS | 


color illustrations, illustrates the advan- 
tages of this system. The simplicity of 
the system is brought out particularly. 


(10) WIRE ROPE—Mac Whyte Co. Folder, 
4 pages. The various forms of wire 
rope to be used on hoists, cranes, drag- 
lines, and so forth are listed and illus- 
trated. The particular uses and advan- 
tages of each are explained. 


(11) GAS CYLINDERS—Scaife Co. Bul- 
letin 312, 16 pages. This attractive little 
booklet discusses the use of the cylin- 
ders for storage of gas under pressure. 
Construction of the cylinders is ex- 





HOW TO ORDER —Two business-reply cards are printed here. On each is room 
for you to request four pieces of literature. If you are requesting four pieces or 


YOUR TECHNICAL LITERATURE FILES 


plained and illustrated. Outline draw- 
ings and list of types are included. 


(12) SPEED REDUCERS—D. О. James 
Co. Catalog 19, 48 pages. Filled with 
curves, many tables, illustrations and 
blueprints, this catalog on parallel. 
shaft,  continuous-tooth herringbone 
speed reducers contains much informa- 
tion for the design engineer. Design 
formulas and examples of applications 
may be found here too. 


(13) HYDRAULIC EQUIPMENT—W atson- 
Stillman Co. Bulletin 110-A, 44 pages. 
This hydraulic machinery manual is 


less, please use only the bottom card. For five to eight pieces use both cards. 
These cards not good after March 1, 1942 
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NO POSTAGE 


divided into two parts. Part I contains 
photographs and gives descriptions of 
the operations, use, and dimensions of 
hydraulic presses, pumps, jacks and 
high pressure valves. Part II contains 
many useful tables for design purposes. 


(14) TOOL STEEL — Jessop Steel Co. 
Booklet, 8 pages. This booklet describes 
the Jessop Lion Brand. Carbon Tool 
Steel, and describes the various metal- 
lurgical operations it may undergo. 
Various uses are listed, and best meth- 
ods of preparation are indicated. 


(15)-NYLON BRISTLES — Du Pont Co. 
Booklet, 16 pages. The booklet gives 
a short history of Nylon, outlines its 
advantages, reports on its uses in many 
industries, and lists its general physical 
and chemical properties. Many photo- 
graphs and a sample of Nylon are in- 


claded in the booklet. 


(16) HIGH-TEMPERATURE STEELS— 
Timken Roller Bearing Co. Bulletin, 
8 pages. This digest of steels for high- 
temperature service contains consider- 
able data on the chemical and mechan- 
ical characteristics of these steels. In- 
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cluded, too, are photographs of the 
microstructures of many samples. 


(17) TECHNICAL DIGEST — Graham 
Transmissions, Inc. Bulletin, 4 pages. 
This is a monthly digest of current 
technical news for industrial executives. 
Articles from original engineering 
sources are presented in abstracted 
form. 


(18) RADIANT ENERGY — Fostoria 
Pressed Steel Corp. Bulletin, 16 pages. 
Illustrated with pictures of applications 
and ‘equipment, this manual discusses 
infra-red radiant energy and how it 
works. Applications in the industrial, 
printing and motor-baking field are de- 
scribed. 


(19) WRINKLE FINISHES — New Wrin- 
kle, Inc. Bulletin, 12 pages. Describes 
the various uses of wrinkle finishes on 
many industrial products. Advantages 
are explained and well illustrated. 


(20) ELECTRODE CONSUMPTION CAL- 
CULATOR—Air Reduction. Bulletin, 8 
pages. Cost of arc welding electrodes 
for any type of joint on any thickness 
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with either bare or coated electrodes 
may be rapidly estimated by use of this 
booklet. Tables and basic formulas are 
included. 


(21) PRECISION MEASUREMENTS— 
George Scherr Co. Folder, 8 pages. 
This is an educational treatment of the 
use of gage blocks and optical flats. 
Color charts and photographs are used 
to show means of increasing production 
accuracies. 


(22) DECIMAL EQUIVALENT CHARTS — 
Frederick Post Co. This large wall 
chart, 39 in. x 26 in., is their latest aid 
to the busy engineer and draftsman. All 
figures are easily readable. 


(23) NITROGEN IN CHROME STEELS— 
Electro Metallurgical Co. Bulletin, 20 
pages. A careful study of the effects of 
nitrogen in all types of chromium alloy 
steels, Thorough explanations and full 
data are given for every combination. 


(24) PORTABLE COOLANT PUMP—Gray 
Mills Co. Folder, 6 pages. Showing 
various examples of its application, this 
folder describes the new coolant pump 
and how it may be adapted to use with 
many machines. 


(25) LEVER SWITCH —Donald P. Moss- 
man Co. Bulletin, 4 pages. Illustrates 
the numerous contact combinations 
that can be made with this switch and 
gives details on dimensions and contact 
and insulation ratings. 


(26) VARIABLE-SPEED TRANSMISSION — 
Standard Transmission Equipment Co. 
Folder, 6 pages. Describes a new vari- 
able-speed drive for use with small ma- 
chines. Contains illustrations and ex- 
plains many uses. 


(27) INDUSTRIAL RECTIFIER — Electro- 
Matic Products Co. Bulletin 61, 4 pages. 
Operation and installation of these 
rectifiers is explained. Advantages of 
its safety features are covered and 
available standard sizes are specified. 


(28) CENTRIFUGAL CASTINGS —Ampco 
Metal, Inc. Bulletin, 6 pages. This il- 
lustrated bulletin contains a detailed 
story of the benefits to be obtained from 
centrifugal castings. Both technical and 
commercial advantages are stressed, 
but limitations are also explained. For 
the designer's convenience, there is a 
table of maximum casting sizes. 


(29) INDUSTRIAL PUMPS — American 
Manganese Steel Div. Bulletin 940, 24 
pages. A well.illustrated bulletin which 
describes in detail their full line of 
pumps. Dimension data, blueprints, and 
photographers are included with writ- 
ten explanations of special features. 
Characteristic curves of capacities are 
shown for all pumps. 
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SHELBY TUBING 
















EPENDABLE uniformity saves hours is preferred by the men in the shop. 

and dollars—reduces material costs— The name SHELBY is borne only by tubing 
cuts machining time and costs—and mini- as nearly perfect as skilled craftsmen, re- 
mizes tool wear and expense. Hundreds of search, and modern manufacturing facilities 
busy manufacturers, mass producers of the can create. Its production is controlled from 
vital parts needed today, are relying on ore to finished product by the largest and 
SHELBY Seamless Tubing. They know that most experienced manufacturer of tubular 
no other tubing has so consistently offered products. Its all-around fitness is more 
the same uniform, flawless strength or the important today than ever before. 
same easy machining qualities. They know Selected, gilt-edged distributors of SHELBY 
that SHELBY can be depended upon for are located in all parts of the country—you 
dimensional accuracy, that it has no hard can wholly rely upon them ın all matters” 
or soft spots. They know that SHELBY pertaining to mechanical tubing. 


NATIONAL TUBE COMPANY 


PITTSBURGH, PA. 






Columbia Steel Company, San Francisco, Pacific Coast Distributors * United States Steel Export Company, New York 
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PROBLEM: To find a water-resistant terminal washer 
for small fixed condensers. 


A LARGE manufacturer of small fixed every requirement. Reasons: the cork con- 
condensers was confronted with a per- tent in this compound makes it truly com- 
plexing sealing problem. The terminals on pressible; the synthetic rubber content 
the can needed washers that were tough, to makes it resistant to wax, oil, and salt water. 
withstand assembly; compressible, to seal 
tightly; wax-resistant and oil-resistant, to What About Your Problem? 
avoid deterioration. Moreover, after assem- Corprene May Solve It, Too! 
bly, the washers had to pass a severe test Corprene is the trade-marked name for 
imposed by certain purchasers: long immer- more than two dozen cork-and-synthetic- 
sion in salt water at elevated temperature. rubber compounds having excellent sealing 
characteristics. Regardless of the type of 
equipment you make, you will very likely 
find the answer to your sealing problems by 
type washers failed to conform to variations investigating the wide range of physical 
in the can surfaces. Soft rubber-type washers properties available in Corprene sheets, 
extruded under the assembly pressure. cut pieces, molded shapes, and ex- 
Others leaked during the water immersion  truded rings. Write Armstrong 
test. But when the manufacturer tried a Cork Company, Industrial Divi- 
washer of Armstrong’s Corprene, it satisfied sion, 907 Arch St., Lancaster, Pa. 


Corprene Solves It 
Many materials were tried. Stiff fibre- 
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COMPOSITIONS OF CORK AND SYNTHETIC RUBBER Г ш 





LET'S WORK THIS OUT TOGETHER 


ney, we will gladly 
of emergency, We g 


ver 65 yea : 
a good reason for 


i is state 
During this $ И 
make available to you our 
experience. If you feel you — 
; nd , 
ing plastics, get in touc h with t 
us ‘ 
will analyze 
lutions. Our impar | 
equalled experience 


inki s of Iding 
at deal of confused thinking rs of mo 


] priorities have upset 
utine, have 
nts—have 


Today, theres 4 gre 
ages anc 


t manufacturing ro 
laceme 

a wild scramble for replace 

: astics as never before. 

r to all the prob- 


ics. S а е. Our 
about plastics. Short s at once. 


: ; and study 
or are about to ups rato 


your proble udy 
: tial recommendations 


and superb 


engineers 

caused | : 

sed attention on p i 

ч ч . го not the magic answe à p 
MH do the job better 

as plastics can ac 
ms some cases plas r , a 
— Id be foolish to изе them 
nced judgment 
solution—the 


possible so 
are based on uneque 
manufacturing facilities. са 

For years we've enjoye« a уй 
ones. If we say 1t can 


ation for crack- 
putation 
: ne, we 
in other cases It wou м ne 
lastics are indicated, experie 
i рик 
ır 1 to give you the right 8 
i lastics blindly. 


ing “tough 


„an do it. 
must be use‘ му 


first time. Don't rush into p 


Since 1876 — AUBURN BUTTON WORKS, INC. 


AUBURN, N. Y. 


Custom Molders of 


BAKELITE LUCITE PLASTECELE 

BEETLE LUMARITH POLYSTYRENE 

DUREZ " PLASKON RESINOX 
TENITE, etc. 


COMPRESSION MOLDING « INJECTION MOLDING 
MANUFACTURER OF PYROXYLIN SHEETS & RODS 
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...BUT THAT'$ NOT ALL! 


They are parts of the liquid coolant assembly of 
a modern X-Type airplane engine. 


Yes, they must function perfectly in the face of 
heat, vibration and corrosive attack. But that is 
only one of the reasons why this tubing was given 
the tough assignment. 


The easy fabricating qualities of this tubing saved 
the manufacturer money. Just as the ability to 
bend, weld and expand Carpenter Welded Stainless 
Tubing has eliminated production kinks and design 
headaches for producers of many other products. 


And lower first cost is still another reason why 
more and more of tomorrow’s products are being 
given the gleaming sales appeal and the durability 
of this tubing. 


Take the first step towards finding out how this 
tubing can be applied to your new “after the war” 
products and problems. Send for your copy of this 
Welded Stainless Tubing Data Book. Or, if you 
already have the Data Book, ask us to put your 
name on our list to receive "Quick Facts" Service 
Bulletins. They give important helps on the uses 
and applications of Welded Stain- 
less Tubing—must information for 
engineers now using it. 


THE CARPENTER STEEL COMPANY 
Welded Alloy Tube Division 
Kenilworth, N. J. 





WELDED 


STAINLESS "TUBING 





December, 1941 








54-Page BEARING 
DATA BOOK 


| Specially Prepared for 
Design Engineers 


and 
Plant Maintenance Men 


Covers all types and sizes of all makes of 
bearings. 


Includes complete interchangeability charts 
on all types of felt and labyrinth sealed 
bearings. 


Nothing else as complete ever published 
on interchangeability tables. 


Price $1.50 


Send only check or money order. 


BEARING MANUAL, Inc. 


172 WEST ADAMS ST. 
CHICAGO, ILL. 
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TAYLOR 
FORGE 





FORGED and ROLLED 
STEEL RINGS 
Any size from 12" O. D. to 100" O. D. 


F your product is one that requires the use 

of forged or rolled steel rings—and particu- 
larly if special heat treating and testing are 
required to insure desired characteristics— 
then you will be interested in the rings pro- 
duced by an organization that offers: 


—skill and knowledge based on more 
than 40 years of experience in the forg- 


ing and rolling of steels and alloys. 


—finest forging, rolling and machining 
equipment. 


—excepltional facilities for heat treating. 


—most complete and modern labora- 
tory testing equipment. 


All these combine to make Taylor Forge a 
thoroughly dependable source of supply for 
all types of forged and rolled steel rings and 
to guarantee your getting exactly what you 
specify. 


Inquiries are invited 


TAYLOR FORGE & PIPE WORKS 


General Offices & Works: Chicago, P. O. Box 485 
New York Office: 50 Church St. 
Philadelphia Office: Broad Street Station Bldg. 






swords 
AND plowshares.. 





. . . guns and bread! Whatever the job, whether 
for war or peace, Arkwright tracing cloths need 
make no compromise with quality. Years of 
testing in Arkwright laboratories . . . years of 
insistence on highest quality materials and 
highest standards of manufacture have prepared 
Arkwright for any national emergency. Today, 
you can order Arkwright tracing cloths with the 
same confidence in quality . . . the same assurance 
of rapid delivery that has given Arkwright its 
recognized position as America’s leading manufac- 
turer of tracing cloth for over twenty years! 


Arkwright Finishing Company, Providence, R. I. 


Mi 


TRACING CLOTAS 
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DURITE 
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Photographed by Courtesy 
of the Abrasive Company 


URITE resin bonded grinding wheels in the building of tanks, 


ships, guns, planes, trucks and other modern Defense equipment 
play an important part. 


In the application featured you see perfection in a tough assignment. 
It is excellent proof of DURITE’S ability in meeting rigid Government 
and industrial specifications. 


DURITE has a versatility difficult to duplicate in strength, heat resis- 


tance, dielectric and physical properties. It can "take it." 


To those manufacturers considering product improvement, we make 
available the facilities of the DURITE laboratories and its technologists 
of many years experience and knowledge. 


DURITE PLASTICS 


REG. U. S. PAT. OFF. 


FRANKFORD STATION, P. O.,, PHILADELPHIA, PA. 








IN SHIPMENT 
AFTER SHIPMENT 





HIGH QUALITY IS | 


DUPLICATED 


PECIALIZATION, research, and experi- 
S ence are combined in the developing of 
Thomastrip to meet customers' require- 
ments. Thomas' exacting standards of pro- 
duction enable its customers to have steel 





which consistently meets the specifications. 
. . . And, all the benefits provided by the 
use of cold rolled strip steel are advanced 
with Thomastrip. 





BRIGHT FINISH NOT COATED 
HOT TIN COATED, ELECTRO 
COATED WITH NICKEL OR 
ZINC, COPPER, BRASS.. 







Always Laboratory Approved 


THE THOMAS STEEL CO., WARREN, 0. 


SPECIALIZED PRODUCERS OF COLD ROLLED STRIP STEEL 
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HITTING THE NAILNN almost 


ON THE HEAD IS NOT ENOUGH 
WHEN RESULTS COUNT 


There's a job of carpentry to be done. 
You have two alternatives. Buy a hammer. 
Or hire a carpenter. Engineering a finish 
to your production requirements is far 
more complex than that job of carpentry. 
But the principle is the same. When it's 
important that the nail be hit EXACTLY 
on the head let an expert do it. And in 
the matter of finish, an exact hit IS im- 
portant. The RIGHT finish will cut your 
finishing time, reduce your finishing costs 
and enhance the salability of your prod- 
uct. Your inquiry incurs no obligation. Ad- 
dress Department L. 


THE STANLEY DB CHEMICAL 00. 


EAST B» ER LI M € 0 N ME CT ICUT 





Lacquers - Enamels - Synthetics -Japans 
A SVOSIDIAAY of THE STANLEY WORKS NEW BRITAIN CONN 











| MADE TO ORDER 


Tubes, Rods, Wire reduced by rotary swagqing t 
your specification by the pioneer rotary swaging 


machine builder 


experience 


А У у 
“йе Cforrington (ompany 


SPECIALTY DEPT. 


Sorrington, Cona., USA. 
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THEORY OF PLATES AND SHELLS 


By S. Timoshenko, Stanford University. "The first com- 
plete and up-to-date monograph on the theory of plates and 
shells written in English. It is written for (1) the de- 
signers of various kinds of thin-walled structures en- 
countered in structural engineering, in shipbuilding, and in 
airplane design; and (2) for research engineers interested 
in stress analysis. 492 pages, illus., $6.00. 


MECHANICAL VIBRATIONS 


By J. P. Den Hartog, Harvard University. A complete 
account of the subject of vibration as applied to mechanical 
engineering. Besides giving general theory the book covers 
the principal applications to water wheels, steam turbines, 
automobiles, airplanes, Diesel engines, and electrical ma- 
chinery. There are especially important discussions of vi- 
brations of aircraft propellers and ship propellers and 


flutter of airplane wings. New 2nd edition. 448 pages, 
illus., $5.00. 


MATERIALS HANDBOOK 


By George S. Brady, formerly Technical Advisor to the 
U. S. Coordinator for Industrial Purchasing. Where do 
you go for information on abrasives, bearing metals, heat- 
resistant alloys, chemicals, etc., etc.? In this handbook you 
will find just the facts you want—about these or other 
materials of your business—common or unusual—to enable 
you to face the task of estimating, specifying and purchas- 
ing more easily, more intelligently, more economically. New 


4th edition. 591 pages, $5.00. 


AMERICAN MACHINISTS' HANDBOOK 


By Fred Colvin and Frank Stanley. The world’s most 
widely-used technical book. A standard manual of data, 
methods, and definitions for apprentices, machinists, tool- 
makers, draftsmen, designers, foremen, and all others con- 
nected with shop and drafting room practice in the metal- 
working and allied industries. In the new seventh edition 
(just published), the whole shop field has been combed for 
the best, the most useful information applicable to prob- 
lems that arise in every type of shop or plant, whatever its 
size, whatever its special problems. 1350 pp., over 2500 
illus., diagrams and tables, in one handy pocket-size volume. 


$4.00. 





McGraw-Hill Books bring you 
the recorded experience of 
competent authorities in your field 
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RECENT McGRAW-HILL BOOKS 
of interest to product engineers 






MATHEMATICAL 
METHODS IN 
ENGINEERING 


By T. V. Karman, California Institute of Technology, and 
M. A. Biot, Columbia University. An introduction to the 
mathematical treatment of engineering problems. It simul- 
taneously presents mathematics and examples of applica- 
tions in fundamental engineering problems in a treatment 
especially calculated to make mathematics more usable—to 
give the reader the conceptions necessary to set up and com- 
plete effective equations for definite problems. 


illus., $4.00. 


505 pages, 


JIGS AND FIXTURES 


By Fred Colvin and L. L. Haas. A practical manual 
covering all aspects of the design and use of jigs and fix- 
tures, with emphasis on their economical use, and the 
principles of their design and construction. A great many 
typical jigs and fixtures in actual use are shown, with cost 
and other data to help machine shop men in adapting them 
to many specific purposes. 354 pp., illus., $3.50. 


INDUSTRIAL DESIGN 


By Harold Van Doren. Here is a complete, practical 
manual of the growing new profession of industrial design. 
Shows the importance of industrial design in business, 
answers your questions as to skills and training required, 
remuneration, etc., and gives major emphasis to a full treat- 
ment of technique for those who wish to become industrial 
designers. 388 pages, fully illustrated, $4.50. 


10 Days' Free Examination—Send This Coupon 


: McGraw-Hill Book Co., Inc., 330 W. 42nd St., NYC. 

6 ; 

* Send me the books checked below for ten days' examination on 
* approval In 10 days I will pay for the books, plus few cents 
s postage, or return them postpaid. (We pay postage on orders 
: accompanied by remittance.) 

: O Timoshenko—Theory of Plates and Shells, $6.00 

: O Den Hartog—Mechanical Vibrations, $5.00 

s O Brady—Materials Handbook, $5.00 

: O Colvin and Stanley—American Machinists’ Handbook, $4.00 

* O Karman and Biot—Mathematical Methods, $4.00 

$ © Colvin and Haas—Jigs and Fixtures, $3.50 

O Van Doren—lIndustrial Design, $4.50 


ПОНИ EE Pe TT ee ee Pee Te Te Te Te Tee TCT eee TTT eT Pe ê 
= A EO PITTE OTE EEEE E T E N 


BEEN. EET ER TETT TATT T TTNET n PEET EN E N R 


e O NETTET TTOTTE TTE ETTET F.P.E. 12-41 
(Books sent on approval in U. S. and Canada only.) 
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PLAN TO MAKE IT BETTER 






WITH U'S'S STAINLESS STEEL 


1. COTTER PINS. 

Why make them of stainless? Be- 
cause they do not corrode. They're 
stronger — have more resistance to 
shear — make equipment more de- 
pendable in numerous applications. 


2. WIRE BRUSHES. 

Feel the strength and stiffness of one 
of these stainless wires and you can 
see why stainless brushes stand up 
longer, do a better polishing job, 
save frequent replacements. 


3. JOINT STRIKING TOOL. 


Masons who are used to having this 


tool wear out in short order are 
amazed at the long life added by 
U-S-S Stainless Steel. It is high 
abrasion resistance that does the 
trick—and the tool never rusts. 


4. APPLE CORER 

AND PARING KNIFE. 
Food acids can’t corrode this gadget. 
It’s easy to clean and it has the extra 
sales appeal of stainless steel. 


5. LAUNDRY MARKER. 

Your white shirts will never be 
stained by this marker. It has perma- 
nent resistance to rust and alkalis. 








* * * * * * * * * 


Because of the importance of U-S-S 
Stainless Steels in the National De- 
fense Program, temporary delays in 
providing for normal peacetime re- 
quirements are unavoidable. We 
believe we can count on your under- 
standing cooperation. Production 
facilities are being rapidly increased 
and inevitably we shall win this race 
against time and National need. 
U-S-S Stainless will then be more 
plentiful than ever before. 


* * * * * * * * * 


U:S:' S STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
NATIONAL TUBE COMPANY, Pittsburgh 


Scully Steel Products Company, Chicago, Warehouse Distributors - 


UNITED STATES STEEL 
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United States Steel Export Company, New York 





THE WORKARBILITY OF 








o swap materials in "midstream" of production isn't a serious problem 
to INSUROK users, for these versatile plastics employ present craftsmen 
and require no new shop equipment. Not only is uninterrupted production flow 


assured... manufacturing costs are reduced, and the resultant product improved. 


! Le ааай COMPANY 


MELROSE PARK. | FOUNDED 1858 LOCKLAND. OHIO 
IEW BRUNSWICK. N.J INDIANAPOLIS. IND 
DETROIT OFFICE 4-252 G. M. BUILDING 
NEW YORK OFFICE: 75 WEST STREET 











FOR LESS THAN lc PER SQUARE 








CUSTOM MOLDERS 





























of all 
by 
| COST. SAVES TIME — . Compression & Injection i | 
NO EXPERIENCE NECESSARY! ° ACT NOW! Methods 6 
Don't give your money to outside firms for blueprints. With a р) ү" 
Simplex Mercury Vapor-Tube Portable Blueprinter you can Largest and Best $53 
now-make blueprints up to 42" wide (any length) in your own Equipped e à 
offices at a fraction of regular commercial prices. Makes 250 E L^ 
square feet per hour. Can be used for any of the ‘Special Custom Molding Plant Y З 
Developing Processes. Requires no carbons or globes. Beautiful in the | 










black crackle "Weaver" finish. Operates 
silently. Your office girl can easily operate 
a Simplex. 

FREE TRIAL! Don't take our word for the 
money-saving advantages of a Simplex! 
For a limited time only we will ship a 
regulation, complete Simplex Blueprinter 
on 30 days’ free trial. Satisfaction guar- 
anteed or money refunded. Write today. 
for complete facts about this amazing, 


money-saving offer. 


Middle West 


CHICAGO MOLDED 
PRODUCTS CORP. 


1041 No. Kolmar Ave., Chicago 
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GREAT CASTINGS OF YESTERDAY 
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The drawings forthe Dome of the Nation's Capitol, 
authorized by Congress in 1855, were made by 
Thomas V. Walter. The Dome is of cast iron and 
the aggregate weight of material used in its con- 
struction is 8,909,200 pounds. It is 228 feet in 
height with a lantern above it 52 feet high by 17 
feet in diameter, while surmounting all of this is 
the famous figure of Freedom, executed by Thomas 
Crawford, which is 16 feet 6 inches tall. It took 
nine years to complete this tremendous task 
and the cost is officially given at $1,047,291.89. 


VERY DAY anincreasing number of companies t 
working on defense orders are turning to и COURS 
National for their aluminum sand or permanent mold О 
castings. It is a natural move because we are one of 
the largest sand and permanent mold aluminum BY ر‎ 
casting foundries in the country. Our experiences cov- 
er a period of over thirty years. Our plant is equip- 


ped with the latest and best machinery and includes Diesel engine crankcase casting made 
complete X-ray equipment and a modern metallur- for American Locomotive Company. 
gical laboratory. We are manned by a staff that has Weight, 3500 pounds. Note average 

grown up in the aluminum casting industry. height man standing at right of casting. 


In addition to T-1 aluminum alloy castings that 
afford excellent machineability, fine corrosion 
resistance, no warpage and no severe internal stress 
without heat treating, we also produce heat-treated 
TENUAL aluminum castings. 


Alloys produced in accordance with Army, Navy, TION AL 
S.A.E. and A.S.T.M. specifications. Mole NA ot supp Y 


RCE 
Whatever you need in aluminum y0 U R SO u FoR ANE NT MO Ld 
castings—National can fill the bill. P 


THE NATIONAL BRONZE AND ALUMINUM FOUNDRY CO. 


CLEVELAND, OHIO 
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WHAT YOU'LL FIND 


IN THIS NEW 
BRUNING BOOK 


* How to produce prints in sec- 
onds—instead of minutes—and 
without washing or drying. 


* How BW Prints speed produc- 
tion all along the line. 

* Big volume print production 
with only one operator. 


* A complete print departmeni 
in 8 x 8 space—with no plumb- 
ing connections. 


THIS BOOK 
SHOWS HOW 
SS Se. 
PRODUCTION . cor 
DELAYS! Areng new tear 


* Amazing new features of Brun- 


ing printers and developers. 
ERE'S a book that gets right down to cases on one 
H of today's biggest problems — getting more speed 
in production! 

It's written for every plant executive —engineer — 
chief draftsman — who wants to shorten the gap be- 
tween plan and product . . . eliminate costly delays 
... and save print production costs at the same time. 

"Prints for Speed" gives the basic reasons why 
Bruning Black and White Prints are used by thou- 
sands of progressive companies today—including prac- 
tically every major aircraft company. It shows how 
these black line prints can quicken the pace of your 
production—bring you important time- and cost-sav- 
ing advantages. 


Send today for your copy of “Prints for Speed.” 


ВКОМІМС = 1897 


SPEEDS—SIMPLIFIES—AND PROTECTS A NATION'S DRAFTING 


New York * Chicago * Los Angeles * Boston * Detroit * Houston * St. Louis 
Kansas City * Milwaukee * Newark * Pittsburgh * San Francisco * Seattle 


IT'$ FREE... 


"PRINTS FOR SPEED" IS YOURS 
WITHOUT COST OR OBLIGATION 
Nana JUST MAIL THE COUPON! 


1193-219A 
CHARLES BRUNING CO., Inc. 
New York: 100 Reade Street 
Chicago: 4700 W. Montrose Avenue 
Los Angeles: 919 So. Maple Avenue 


* How to eliminate waste and 
trimming with BW Prints. 

* Duplicating tracings quickly 
and inexpensively with trans- 
parent BW Prints. 





Gentlemen: Please send me a copy of 
your new book, "Prints for Speed." 


FRU LL леа کک ھت یت ت ت‎ i 
Company.. 


Address 


A new booklet 
for manufactur- 
ers using steel 
shapes for tops, 
bottoms, lids or 
—any other pur- 
pose 









This Booklet Points the Way to Savings 


We Sell These Shapes One or a Carload 


Just the Thing for Experimental Jobs or Pro- 


duction 


Write for this Booklet 


THE COMMERCIAL SHEARING & STAMPING CO. 
Youngstown, Ohio 


When Estimating Material Costs 





for PROCESSING 
EQUIPMENT 


‚ .. CONSIDER THE 
SAVINGS IN WEIGHT 
WHEN YOU USE 


JESSOP DURO-GLOSS CI Stainless Steel 





Jessop DURO-GLOSS C, (12% chromium) stainless steel may 


be heat treated to 


a tensile strength of about 175,000 lbs. 


per sq. in., or almost four times the strength of mild steel. This 


permits smaller sections and hence great 


savings in weight. 


terial costs for DURO-GLOSS C, will often 
approach the cost of mild steel, and, of 
course, the superior corrosion resistance 
of DURO-GLOSS C, will prove more eco- 


nomical in the end. 
DURO-GLOSS is 


Jessop Stainless Steels made for numerous 
types of stainless applications. Write for 
information on which steel is best suited 


to your needs. 













For this reason, ma- 


but one of several 


КЧ, 


CARBON - HIGH SPEED - SPECI LLOY 
STAINLESS and COMPOSITE STEELS 
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* Small equipment that can be 
moved in a hurry is an important 
cog in Uncle Sam's new “blitz” 
army. And equally important to 
manufacturers and taxpayers is the 
cost and service life of these vital 
accessories for modern mobile units. 

Among ARMCO specialty metals 
that now are doing their bit in the 
defense effort are ARMCO ZINCGRIP 
sheets and coils. Two of the many 
new applications of this durable 
zinc-coated metal are pictured here. 

ARMCO ZiNCGRIP is used for gaso- 
line containers and small fire-fight- 
ing equipment because it can "take 
it" in the field as well as in the shop. 


December, 1941 


4 


ARMCO ZINCGRIP prolongs the life of this small fire 
extinguisher. It is designed for quick use against 
incendiaries and is easily carried by one man. 


A five-gallon gasoline can drawn from ARMCO Gal- 
vanized ZINCGRIP sheets. The unbroken zinc protection 


helps this container take a constant beating in the field. 





These cans invariably come back 
for more fillings—even when they 
get rough treatment during ma- 
neuvers. 

ArMCO Galvanized ZINCGRIP is a 
good bet for the army, even as it is 
for many peacetime uses. This duc- 
tile galvanized sheet has remarkable 
coating adherence. Zine clings 
tightly to the base metal, even in 





wv 


severe drawing and forming opera- 
tions. No flaking, no peeling. Prod- 
ucts last longer because there is 
unbroken zinc protection along 
seams and edges. 

Now is a good time to learn more 
about this unique zinc-coated sheet 
for your future needs. Write to The 
American Rolling Mill Company, 


3051 Curtis St., Middletown, Ohio. 


ZINCGRIP 
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PROFESSIONAL 
SERVICES 


(Rates on Application ) 


JOHN C. BATCHELOR 
INDUSTRIAL PHYSICISTS-ENGINEERS 


Preparation and Supervision of Research 
Programs to develop and improve prod- 
ucts and applications for postwar manu- 


facture and marketing. 
109 E. 42nd Street New York City 










Lancaster, Allwine & Rommel 
PATENT & TRADE MARKS 


Interesting booklet concerning Inventions, Patents, 
Trade-Marks and Copyrights, together with Sched- 
we of Government and Attorney’s Fees, sent 
without obligation. Simply ask for ‘booklet and 


schedule'' 
Established 1915 
Suite 461, 815—15th St., N.W., Washington, D. C. 


LEGAL NOTICE 





STATEMENT OF THE OWNERSHIP, MANAGEMENT, 
CIRCULATION, ETC., REQUIRED BY THE 
ACTS OF CONGRESS OF AUGUST 24, 

1912, AND MARCH 3, 1933 


Of Product Engineering, published monthly at Albany, 
N. Y., for October 1, 1941. 


State of New York ? 
County of New York { 88. 


Before me, a Notary Public in and for the State and 
county aforesaid, personally appeared D. C. McGraw, 
who, having been duly sworn according to law, deposes 
and says that he is the Secretary of the McGraw-Hill 
Publishing Company, Inc., publishers of Product Engi- 
neering, and that the following is, to the best of his 
knowledge and belief, a true statement of the owner- 
ship, management (and if a daily paper, the circula- 
tion), etc., of the aforesaid publication for the date shown 
in the above caption, required by the Act of August 24, 
1912, as amended by the Act of March 3, 1933, embodied 
in section 537, Postal Laws and Regulations, printed 
on the reverse of this form, to wit: 


1, That the names and addresses of the publisher, 
editor, managing editor, and business managers are: 
Publisher, McGraw-Hill Publishing Company, Inc., 330 
West 42nd St., N, Y. C. Editor, G. F. Nordenholt, 
330 West 42nd St., N, Y. C. Managing Editor, Joseph 
Kerr, 330 West 42nd St., N. Y. C. Business Manager, 
W. E. Kennedy, 330 West 42nd St., N. Y. C. 


2. That the owner is: (If owned by a corporation, its 
name and address must be stated and also immediately 
thereunder the names and addresses of stockholders own- 
ing or holding one per cent or more of total amount of 
stock. If not owned by a corporation, the names and 
addresses of the individual owners must be given. If 
owned by a firm, company, or other unincorporated con- 
cern, its name and address, as well as those of each 
individual member, must be given.) McGraw-Hill Pub- 
lishing Company, Inc., 330 West 42nd St., N. Y. C. 
Stockholders of which are: James H. McGraw, 330 West 
42nd St., N. Y. C. James H. McGraw, Jr., 330 
West 42nd St., N. Y. C. James H. McGraw, James H. 
McGraw, Jr., and Curtis W. McGraw, Trustees for: 
Harold W. McGraw, James H. McGraw, Jr., Donald C. 
McGraw, Curtis W, McGraw. Edwin S. Wilsey and 
Curtis W. McGraw, Trustees for James H. McGraw, 3rd, 
Madison, N. J. Curtis W. McGraw, 330 West 42nd St., 
N. Y. C. Donald C. McGraw, 330 West 42nd St., N. Y. C. 
Anne Hugus Britton, 330 West 42nd St, N. Y. C. 
Mildred W. McGraw, Madison, N. J. Grace W. Mehren, 
73 No. Country Club Drive, Phoenix, Ariz. J. Malcolm 
Muir & Guaranty Trust Co. of New York, Trustees for 
Lida Kelly Muir, 140 Broadway, N. Y. C. 


3. That the known bondholders, mortgagees, and other 
security holders owning or holding 1 per cent or more of 
total amount of bonds, mortgages, or other securities 
are: (If there are none, so state.) None. 


4. That the two paragraphs next above, giving the 
names of the owners, stockholders, and security holders, 
if any, contains not only the list of stockholders and 
security holders as they appear upon the books of the 
company but also, in cases where the stockholder or 
security holder appears upon the books of the company 
as trustee or in any other fiduciary relation, the name of 
the person or corporation for whom such trustee is act- 
ing, is given; also that the said two paragraphs contain 
statements embracing affiant’s full knowledge and belief 
as to the circumstances and conditions under which 
stockholders and security holders who do not appear 
upon the books of the company as trustees, hold stock 
and securities in a capacity other than that of a bona 
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EMPLOYMENT : 
BUSINESS : 


10 CBNTS а WORD. MINIMUM CHARGE $2.00 

Positions Wanted (full or part time salaried em- 
ployment only), 34 the above rates payable in 
advance. 

Bor Numbers—Care of publication New York, Chi- 
cago or San Francisco offices count as 10 words. 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 


LEGAL NOTICE 


fide owner; and this affiant has no reason to believe 
that any other person, association, or corporation has 
any interest direct or indirect in the said stock, bonds, 
or other securities than as so stated by him. 

5. That the average number of copies of each issue of 
this publication sold or distributed, through the mails 
or otherwise, to paid subscribers during the twelve months 
preceding the date shown above is. (This information 
is required from daily publications only.) 


D. C. McGRAW, Secretary, 
McGRAW-HILL PUBLISHING COMPANY, INC. 
Sworn to and subscribed before me this 29th day of 


September, 1941. 
[SEAL] H. E. BEIRNE, 
Notary Public, Nassau County, Clk's No. 93, N. Y. 
Clk’s No. 974, Reg. No 2-B-609. 
(My commission expires March 30, 1942) 


POSITIONS VACANT 











DESIGNING ENGINEER — Barber-Greene 
Company, Aurora, Illinois, in expanding the 
Engineering Department, has opportunity for 
an outstanding creative designing engineer 
with proven ability and experience on heavy 
machinery. Age between 30 and 465. 











MACHINE DESIGNER. Experienced designer 

—mechanical engineer preferred—to expand 
and develop improved lines of equipment of 
the following types—mechanical presses, plas- 
tics molding equipment, high vacuum pumps, 
vacuum processing apparatus, as well as cer- 
tain types of automatic machinery. An ex- 
cellent opportunity for an outstanding creative 
designing engineer, with proven ability. F. J. 
Stokes Machine Company, Olney Post Office, 
Philadelphia, Pa. 


ENGINEER for electrical testing in research 
laboratory of an Electric Appliance Manu- 
facturer in central states. State experience 
and salary expected.  P-237, Product Engi- 
neering, 520 N. Michigan Ave., Chicago, Ill. 





WANTED 


ENGINEERS 


Nationally known New Jersey manu- 
facturer needs Mechanical and Elec- 
trical Engineers. 


Diversified products offer inviting 
opportunities in engineering field. 


MECHANICAL ENGINEERS required for 
development of processes and machinery 
for manufacturing and reducing costs of 
precision apparatus and to plan produc- 
tion methods for assembly and wiring. 
Also, development, layout, cost reduc- 
tion work on material handling, storage 
and packing problems. 

ELECTRICAL ENGINEERS needed for 
high grade work on test set design, spe- 
cial circuits, electronics and vacuum 
tube manufacture. 

Must be Engineering graduates of ac- 
credited colleges, high scholastic stand- 
ing. Some manufacturing experience 
preferred. Salary commensurate with 
ability and record of accomplishments. 


MUST BE U. S. CITIZENS 
Write, stating qualifications 
Box 550, Suite 1800, Times Bldg., N.Y. : 


иннин LH LUI UU IU UU UU i Pena 


риниттин 


"Opportunity" Advertising: 
Think 
“SEARCHLIGHT” 
First 





SEARCHLIGHT SECTION 


(Classified Advertising) 


“OPPORTUNITIES” 


UNDISPLAYED ——RATES—— 


' (Copy for new advertisements must be received by Dec. 17th for the Jan. issue subject to space limitations) 









DISPLAYED 


Individual Spaces with border rules for prominent 
display of advertisements. 


The advertising rate is $6.50 per inch for all 
advertising appearing on other than a contract 
basis. Contract rates quoted on request. 


An advertising inch is measured % inch vertically 
on one column, 3 columns—30@ inches—to a page. 


EQUIPMENT 
USED OR RESALE 


POSITIONS VACANT 


MECHANICAL ENGINEER WANTED. — Ex- 

perienced product designer having technical 
training. Work will be establishing design 
and supervision of production engineering for 
mechanical parts and mountings for interest- 
ing national defense radio and electrical prod- 
ucts. This work will develop into a line of 
commercial electronics products after the 
present emergency is over. Write giving in- 
formation covering education and experience. 
Salary arranged. All communications will be 
treated confidentially. Raytheon Manufactur- 
ing Company, 190 Willow Street, Waltham, 
Massachusetts. 





INSPECTOR with practical shop background, 

several years experience, 35 years old or 
older, qualified to assist in directing inspection 
work in small aircraft accessory defense manu- 
facturing plant in Newark, N. J. P-238, Prod- 
gos Реге, 330 W. 42nd St., New York, 


POSITIONS WANTED 


DESIGNING ENGINEER with Inventive and 

Creative Ability will be available in January. 
Are you paying for the use of patents. Why not 
own your own? I can develop products with 
unique and advanced features to avoid compe- 
tition and design testing equipment and auto- 
matic machinery. Twenty-five years experi- 
ence. B.S. in Mechanical Engineering and E.E. 
degree. Salary $10,000 unless you prefer a 
royalty arrangement on new products devel- 
oped. PW-233, Product Engineering, 520 N. 
Michigan Ave., Chicago, Ill. 


TRAINED as mechanical and electrical engi- 

neer I have managed successfully large 
and medium sized manufacturing plants both 
here and abroad. My present position with 
large airplane company is not to my liking. 
I desire connection with some medium size 
business where I can use my energies and 
demonstrated abilities to better advantage. 
Write me and I will furnish my complete 
history. My record includes management, re- 
search and industrial engineering, national 
surveys, lectures and writing for industrial 
journals on technical and managerial subjects. 
I can locate anywhere. Prefer salary plus 
bonus on accomplishment. PW-236 Product 
ingineering, 330 W. 42nd St., New York, N. Y. 


INSTRUCTION 


BETTER PRODUCT DESIGNING taught in 

your spare time at home. Write for full de- 
tails. Trofimov School of Inventive Practice, 
Inc.. Hanna Road, Willoughby, Ohio. 


WANTED 


ANYTHING within reason that is wanted in 

the field served by Product Engineering can 
be quickly located through bringing it to the 
attention of thousands of men whose interest 
is assured because this is the business paper 
they read. 




















аннан ыкти 

Long established manufacturer of medium d 
heavy precision machinery is in the market for pat- 
ented or patentable ideas or inventions requiring 
development for production and marketing. 

Want items applicable to the defense program 
or suitable for industrial use after the emergency. 
Both machinery and other products lending them- 
selves to small volume production will be considered. 
Send complete details on protected ideas to — 


BO-235, Product Engineering 3 
520 No. Michigan Ave., Chicago, Ill. Š 
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What is your problem? 


Competent men for your staff? . . . employment? 
+++ or are you looking for—or offering—a busi- 
ness opportunity of special interest to readers of 
this publication? You can get their attention— 
at small cost—through an advertisement in the 
= Searchlight Section of Product Engineering. 
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SUPPORTING 20 Tons, INSULATING 


LZ A 





Against 8 Million Volts 


The complex apparatus you see above is the new 
electrostatic generator 
Notre Dame. 


at the University of 
It is an atom smasher capable of 
developing eight million volts. It weighs twenty 
tons. 

Obviously, the machinery to disintegrate nuclei 
by high speed electrons, depends upon hundreds of 
contributing factors for its successful operation. 
Each of these is vitally important to the process. 
One of the materials in the generator, which per- 
forms a double duty well, is G-E Textolite lami- 
nated tubing. As a structural material, it is used 


to support the entire twenty-ton machine. As an 
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electrical insulator, it withstands eight million 


volts. 


The new generator is the second at Notre Dame to 
incorporate Textolite tubing. Although an unusual 
application, it is indicative of the many uses to 
which this material is being put for both mechan- 


ical and electrical purposes. 


For the properties of this material and a thorough 
description of G-E Plastics Department's com- 
plete service, ask for a copy of our Textolite 
booklet. Write Section B-125, General Electric 
Co., 1 Plastics Ave., Pittsfield, Mass. 
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€ Yes, a continuous shower of tiny drops of 
oil inside this Tension Pulley Ball Bearing 
keeps balls and raceways automatically lubri- 
cated. It is the first anti-friction bearing with 
its own oil-circulating system—a permanent 
built-in feature, enabling it to run for a year 
or more without attention. 

Since the products of New Departure are 


ideas as well as ball bearings, this company 





has developed many “famous firsts,” has 
revolutionized mechanical design in many 
industries. 

Nothing rolls like a ball. Ball bearings are 
used wherever shafts turn. Ask for your 
copy of that absorbing, superbly illustrated 
“Why 


New Departure, a division of General Motors, 


treatise: Anti-Friction Bearings.” 


Bristol, Connecticut. Chicago and Detroit. 


New Departure 


° ° THE FORGED 


December, 1941 





Vultee Basic Trainer, BT-13A, fabricated by Vultee Aircraít, Inc., 


Vultee Field Division, Vultee Field, California 


VULTEE CANOPY FRAMES 
OF EXTRUDED PARTS 


The use of magnesium alloys in the extruded 
g rapidly. In airplane con- 


form is progressin 
clude 


struction, for example, such parts in 
sections of pOWMETAL' for seats, 
cabin parts 
cockpit 


extruded 
panel stiffeners, fillers, various 
and for canopy framing, such as the 


canopy for the Vultee Basic Trainer BT-13A, 


shown above. 


DowMETAL, unique as d weight-saving metal, 
is readily fabricated by all the usual methods. 
Technical data is available. Dow invites 


consultations. 


*Trade Mark Reg. U.S. Pat. on. 


DowMETAL extruded and die cast parts 
the cockpit canopy of the Vultee Basic Trainer BT-13A 


A CITATION OF USEFULNESS 
It is gratifying to Dow that magnesium is playing such 
a vital role in the furtherance of our security program. 
Millions of pounds of this metal, produced by Dow, are 
ft and other defense equipment. 


now going into aircra 
ist is, truly, 4 citation of dis- 


Placement on the priority 1 
tir Жоп — evidence of indispensable usefulness which 


industry understands and appreciates. 


THE DOW CHEMICAL COMPANY 


MIDLAND MICHIGAN 


New York City, St. Louis, Chicago. San Francisco, 
Los Angeles. Seattle, Houston 


Ее 
ХЕЗ 6645 





